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PREFACE

As p lectorer in Geology to students preparing for the Punjab
University Examinations | have constantly experienced great
diffieulty in the teaching of the Geology of India, becanse of the
nbsence of any adequate modern book on the subject. The only
work that exists is the one published by the Geological Survey of
Indis in 1887, by H. B. Medlicott and W. T. Blanford, revised
and langely rewritten by R. D). Oldham in 1803—a quarter of a
ventury ago. Although an excellent official recard of the progress
of the Survey up to that time, this publiostion has naturally
become largely out of date (now alsoe out of print) and is,
besides, in its voluminous size and ‘method of treatment, not
altogether suitable s & manual for students proparing for
the University Examinatione. Students, as wall as all other
imquirers, have, therafore, been foreed to search for and collect
information, piecemeal, from the multitudinous Records and
Memoirs of the Geological Survey of India. These, however, e
tpo numerous for the diligence of the average student—often,
also, they are insccessible to him—and thus much valuable seien-

tifie information contained in these admirable publications was,

for the most part, unnssimilated by the student ¢lnss and remained
locked up in the shelves of & fow Libraries in the eountry. It
would not be too much to ssy that this lack of & handy volume is
in the main responsible for the slmost total neglect of the Geology
of Indis a8 a subject of study in the colleges of India and as one
of independent scientific inquiry.

The object of the present volume is to remedy this deficiency
by providing s manual in the form of & modern text-book, whick
summarises all the main facts of the subject within & moderate
compass, It is principally s compilation, for the use of the students
of Indian Geology, of all that has been published on the subject,
especinlly incorporating the later ressarches and conclusions of
the Geological Survey of India since (Hdham's excellent edition

of 1803,
wii
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In & subject of such proportions as the Geology of Indin, and
one round which such yoluminous literature exists, and is yearly
growing, it is not possible, in » compendium of this nature, to aim
at perfection of detail. Nor is it easy, ajgain, to do justice to the
devoted labours of the small body of original workers who, since
the '50°s of the last century, have made Indian Geology what it
is to-day. By giving, however, in hold outlines, the main results
achieved up to date and by strietly adhering to s text-book method
of treatment, T have striven to fulfil the somewhat restricted vb-
jeot at which I have simed.

In the publication of this book 1 have received valuable help
from various quarters. My most smeere thanks are due to Sir T.
H. Holland, F.R.8., D.Se., for his warm sympathy and encourage-
ment. To the Direotor of the Geological Survey of India, T offer
my grateful acknowledgments for the loan of blocks and plates
from negatives for the illustrations in the book, and for permission
to publish this volume. My indebtedness to Mr. C. 8. Middlemiss,
C.LE., F.RA&., retired Superintendent of the Geological Survey of
Indin, the doyen of Indian Geologists, 1 can never sufficiently ac-
knowledge. His guidance and advice in all matters connscted with
illustrations, correction of manuscript and text, cheoking of proofs,
ote:, have been of inestimahble value. Indeed, but for his help
several imperfections and inacuracies would have erept into the

book.
In the end, 1 tender my grateful acknowledgments to Messra.

Maomillan for their uniform eourtesy.
D. N. WADIA

Janmrr, Kasmamig,
Lrecamber, 1916,



POSTSCRIFT

Tuk revision of the last edition of this book was eompleted in 1937,
Since then the progress of geologioal investigation in India during
the War and succeeding years, especially in the field of economic
geology and mineralogy, makes o frosh revision necessary.  Some
sections of the hook have been re-written to bring them up to
date.

The recent political division of Indin and the territorial re-
grouping of Provinoes and States does not, affect the terminology
of Indian geology, nor the desoriptive treatment of their strati-
graphy, structure or palasontology. The sub-continent of India
i & woll-marked geologioal as well ns geographical entity, a disorete
segment, of the earth’s crust, segregated from Eurasia by Tertiary
enrth-movements. 1ts main stratigraphio and structure lines eriss-
cross over the political boundury-lines of Pakistan, Burma, Ceylon
and even Tibet. In a treatise on the geology of Indin, therefore,
these conntries, forming natural physical extensions of India
praper, have to be included as integral pacts of the Indian region.

The chapter on the Geology of Kashmir, which appeared as
an appendix in previous editions, is eliminated and its substance
incorparated in relevant chapters in the body of the book. The
re-distribution hus not been so thorough as it should have been
and a fow repetitions and overlaps have been allowed to remain.

It is my pleasant duty to tender my grateful acknowledgments
to Mr. Peroy Evans and Mr. Wilfred Crompfon, both of the
Burmah Oil Company, snd to Mrs. Evans, all of whom read
throngh the proofs of this edition. Although it was not possible
to wdopt all their suggestions, their nesistance hos permittod the
bringing up to date of the Tertiary chapters and the correction of
oversights which might otherwise have passed unnotioed, But
for Mr. Evans's helpful suggestions and eritivisms somoe chapters
of the book would have remained imperfectly revised. T have also
to exprese my sincere thanks to my wife Meher Wadia for much

help in revising the proofs.
. N, WADIA

Nuw D,
1652,
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CHAPTER 1
PHYSBICAL FEATURES

Berore commencing the study of the stratigeaphioel, ie. his-
torical, geology of India, it is novessary to noguire some knowledge
of the principal physical foatures. The student should make him-
sell familinr with the main aspects of its geography, the broad
facts regarding its external relief or contours, ite mountam-systems,
platesus and plaing, its drainage-courses, 1ts ginciers; voleanoes,
ote. This study, with the help of physical or geographioal maps,
is indispensable. Suoh a foundation-knowledge of the physical
facta of the country will not only be of much intorest in itself,
but the student will soon find that the physiography of Indis is
in many respects correlated to, and is, indeed, an expression of,
its gml-uguml structure nnd history.

divisions of India—The most salient fact with regard
to both the physical geogruphy and geology of the Indian region
i8 that it is composed of three distinet units or oarth-features,
which are ns unlike in their physieal as in their geologioal char-
nieters:  The first two of these three divisions of Indin have a
fundamental basis, and the distinetive chameters of each, as we
shall see in the following pages, wero impressed upon it from a
very early period of its geological histary, since which date each
area has pursued its. own career independently,  These throe
divigions are ;

1. The triangular platesn of the Peninswla (1.0, the Deccun,
south of the Vindlivas), with the island of Coylon.

2. The mountainous region of the Himalayas which borders
India to the west, north, and enst, incloding the countries of
Afghanistan, Baluchistan, and the hill-traots of Burma, known na
the extra-Peninsula,

3. The great Indo-Gangetic Plain of the Punjab and Bengal,
soparating the two former nreas, and extending from the valley
of the Indus in Sind to thuuftl:n Brahmaputm io Assam.

A
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Their chardcters and peculiarities—As wontioned whove, the
Ponjvsnli, as an earthefoaturne, s enfirely anlile the gxbewPan -
insuli.  The following differonces summarise the main points of
divergence botween thése two reglons. The st is steatigraphie,
or thot connected with the geological history of the areas. Ever
sinod the dawn of geolugionl history (Cambrian period), the Pen-
inguln hug been o land area, s continental fragment of the carth's
surfice, which sinee that epoch in earth-history has never been
submerged boneath the sea, exeept temporarily and locally, No
conzideruble marine sediment of luter age than Cambrinn was ever
deposited in the interior of this land-mass.  The oxtra-Peninsuln,
on the other hund, hag been a region which has lain under the
sea for the greater part of its history, and has been covered by
supcessive marine deposits characteristio of all the great geological
periods, commencing with the Cambrian,

The second difference ix geolectonic, or pertaining to the geologi-
oal structure of the two regions. The Peninsals of Indis reveals
guite a different type of architecture of the earth’s erust from that
shown by the extra-Peninsula, Peninsular India is » segment of
the earth’s outer shell that s composed in great part of generally
horizontally repasing rock-beds that stand upon a firm and immoy-
able foundation und that have, for an immense number of ages,
remained so—impossive smid all the revolutions that have sgain
and ngnin changed the face of the enrth. Latersl thrusts and
mounfain-building forces have had but Little effect in folding or
displacing its originally horizontal struts, The Deccan i, how-
ever, subject (o one kind of structural disturbanee, vz, fracturing
of the erust in blocks, due to tension or compression.  ‘The extra-
Peninsuln, on the contrary, is & portion of what uppesrs to have
been u comparatively weak and flexible portion of the parth’s
circumference that hns undergone a great desl of erumpling and
deformation. Rock-folds, faults, thrust-planes, and other ovi-
denees of movements within the earth are observed in this region
on an extensive soule, and they point to its being o portion of the
earth that has undergone, st a late geological epoch, an enormous
amount of eompression snd upheaval. The strata everywhere
show high angles of dip, » closely packed system of folds, and
other yiolent departures from their original primitive structore,

The third difference is the diversity in the physiography of the
two areas, 'The difference in the external or surface rolief of
Peninsular and extra-Peninsulur Indin arises out of the two above-
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mimtioned differences as a direct consequonee.  In the Peninsula,
the mountains gre mostly of the ' reliet "' type, .. they are not
mountains in the true sense of the term, but are mere outstanding
portions of the old plateau of the Peninsula that have escaped,
for ono reagon or another, the weathering of nges that has cut put
all the surrounding puarta of the land; they am, so to say, huge
“ tora "' or blocks of the old plateau, Its rivers have fut, shallow
valleys, with low inipereeptible gradienta, bocauae of thelr vhaunels
having appronched to the base-level of erosion.  Contrasted with
thess, the mountains of the other area are all true mountains,
baing whiut nye called " {ectonic " mountuins, if. those which
owe their origin to a distinet uplift in the earth’s crust and, as s
oongoquence, have their strike, or line of extension, more or less
oonforoable to the axis of that uplift. The rivers of this aros nro
rapid torrential streams, which are still in o vory youthful or
immature stage of river development, snd are eontinuously sb
work jn outting down the inequalitics in their sourdes and de-
grading o lowering their channels. Their eroding powers ore
always active, and they have cui deep gorges and procipitous
eafions, several thoonsands of fieet in dopth, through the mountains
i the mountainous part of their track.

Types of the earth’s crust exemplified by these divizsions—The
type of crust segments of which the Poninsula is an example is
lenown us a Horst—a solid erust-block which has remained n stable
land-mass of great rigidity, and lins been unaffocted by any
folding movement generated within the carth during the later
geological periods. The ouly structural disturbunces o which
thess parts have beon suoscophible are of the nature of vertical,
downward or upwand, movements of largo segments within it,
between vertical (raiinl) fssures or fault= The Peninsula has
often experienced this “ block-movement ™ at various periods of
ite histary, most notably during the Gondwann poriod.

The earth-movements characteristio of the fexible, more yield-
ing type of the crust, of which the extra-Peninsula is an example,
are of the nature of Interal (i.e. tangential) thrusts which resnlt in
the wrinkling and folding of more or less linear zones of the earth’s
surface into a mountain-chain [orogenic movemenis). These
movements, though they may affect a large surfics avea, wen solely
sonfined to the more superficial parts of the crist, und are not so
deep-seated ns the former class of movements churmoteristic of

horsta,
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Physical characters of the plains of India—The third division of
India, the great alluvial plains of the Indus and the Ganges,

though, humanly speaking, of the test interest und hmpor-
pinos, as being the principal theatre of Indian history, is, geo-

logically speaking, the least interesting pact of India, In
geological history of Indin they are only the annaly of yester-year,

being the alluvial deposits of the rivers
borne_doi¥n_Trom_the Himalay
They have covered up,
il gilts, valuable records of
much light on the ph
Himalavan aress, and revealed their former connection with éach
other. These plaing were originally a deep dopression or furrow
between the Peninsula and the mountain-region. With re-
gard to the origim of this great depression there is some difference
of opinion. The eminent geologist, Eduard Suess, thought it was
4" Fore-desp "' fronting the Himalayan earth-waves, n "' sagging "
or subsidence of the northern part of the Peninsula, as it arrested
the sonthward advance of the mountain-waves, Colonel Sir 8.
Bugrard, from some anomalies in the observations of the deflec.
tions of the plumb-line, snd other geodetic considerstions, has
suggested quite a different view.! He thinks that the Indo-Gan-
getio alluvium coneepls & great deep rift, or fracture, in the earth’s
sub-orust, several thousand feet deep, the hollow being suhse-
quently filled up by detrital deposits. He ascribes to such sub-
orustal eracks or rifts a fundamental importanoe in geotectonics,
and attributes the elovation of the Himalayan chain to an inci-
dentisl bending or ourling movement of the northern wall of the
fissure. Such sunken tracts botween pamllel, vertical dislocations
are called * Rift-Valleys " in geology. The geologists of the
Indian Geologioal Survey have not mccepted this view of the
origin of the Indo-Gungetio depression.* _
Rajputana srea—The Inrge tract of low country, forming Raj-
putana west of the Aravallis, possesses n mingling of the distine-
tive chinracters of the Peninsula with those of the extra-Peninsula,
and henoe cannot with certainty be reforred to either,  Rajputans
ean be regarded as o part of the Peninsula inssmuch as in geo-

P The Origin of the Himolayes, 1012 [Sorvey of India Fubliewtion). Frowi-
deitial Addrees, the Tndinn Scienes C Lk, 1018 '

* Spo Dir. Haydon, Ralitionship of & p Himalaya to the Indo.-Cangetis Pluin
wind U Db, Poninsula, Ree. 68,0, vol. xdiii. pt 2, 1008, sad 1. 12, Olithura,

Mo, G510, vol xlid, pr2, 1017,

fi.hnlntlw{ res Systems,
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weotanic charaoters it shiows very Tittle disturbance. while in its
containing marine, fossiliforous deposits of Mesozoie and Caingzoio
ages it shows grester resomblance to the extra-Penunsular area.
It is reslly s part of the Deccan block that has time and AZnin
been invaded by marine fransgressions from the southern sea
during the Mesozoie and Cainogoie. In this country, long-con-
tinued aridity has resulted in the establishment of a dosert topo-
graphy, buried under a thick mantle of sands disintegrated from
the subjacent rocks as well as blown in from the western sea-
coast nd from the Indus basin. The rea is cut off fram the
water-circulation of the rest of the Indinn continent, exeept for
oceasional storms of rain, by the absence of any high range to
intercept the moisture-boaring south-west monsoons whioh pass
directly over its expanse, The desert, conditions am hence acoen:
tusted with time, the water-action of the internal druinage of the
country being too feeble to transport to the sea the growing mass
of sands,

There is & tradition, supported by some physical evidence, that
the basin of the Indus was not always separated from the Penin-
suln by the long stretch of sandy waste ns at present. " Over s
vast space of the now desert country, east of the Indus, traces of
ancient river-heds testifv to the gradual desiceation of a once
fertile region; and throughout the deltaic Hats of the Indus may
still be seen old channels which once conducted jts waters to the
Rann of Cutah, giving life and prosperity to the past cities af the
delts, which have left no living records of the conntless genvrations
that once inhabited them.'™

MOUNTAINS

The Himalayan mountains—The mountain-ranges of the extra-
Peninsulis have had their origin in a series of earth-movemants
whiih proceeded from outside India, The great horst of the Pen-
insuln, composed of old erystalline rocks, has played a large part
in the history of mountain-building movements in Northern Indis,
(¢ has limited the extent and to some degree vontrolled the form
of the chief ranges, Broadly speaking, the origin of the Himala-
yan chain, the most dominant of them all; is to be referred to
powerful Interal thrusts noting from the north or Tibetan direction
towards the Peninsuls of Indis. These thrusting movements re-

1 &ir T, H. Hoblich, Jeperial Gueritesr, vol. L
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stlted n the production of amoate folds of the earth’s orust,
pressing agningt the Penimsala,  The omved form of the Himae-
lnyms® is due to thiz resistance offeved by the Peninsular * fore-
Innd ** to the southward advance of these crmst-waves, aided in
satne measture by two other minor obstaclos—an old peneplained
mountiain.chain like the Amvalli mommtains to the north-west and
the Assamn ranges to the north-enst.* The general configuration

Fuio. | —Dingranunstio seition througlh the Himalayes to sliow (heir
10 the Tibedun Flutenis and the plains of Tedis,

* Watosshed of the Himalayas, |Vertical sealy greatly scagerabisd. |
of the Himalaysn chain, its north-west—wouth-east arcuate trend,
the ahrupt steep border which it presents to the plains of India
with the much more gentle slope towards the opposite or Tibetan
side, are all fentures which are best explained, on the above view,
s having been due to the reaistances the mountain-making forces
hnd to contend against in (1) the inflexible block of the Deccan
and (2} the two older monntain-masses which acted ns mighty
obstacles in the path of the southwardly advancing mountain-
folds. The convex side of » moumtain range bs, in general, in the
opposite direction to the side from which the thrusts are dirceted,
and is the one whicl shows the greatest smount of plication,
fracture, and overthrust. This is wetually the case with the outer
or convex side of the Himalayun are, in which the tost chamoter-
istie structural feature is the existence of a number of parallel,
reversed faults, or thrust-planes. The most prominent of this
system of thrusts, the outermost, oan be troed from the Punjab
Himulayas all through the entive length of the mountains to their
extremity in eastern Asam.  Thia great fault or fracture iz known

a4 the Main Boundary Fault,

! Frowm: Sansierit, Him Aloge, moaning the alualo of snow,

! Arother view (8 that the sarvatnrm le the resalt of the intarferenes of mmilar
folding. movements proceeding frem bhe Tranien or the Hindu Kush myabem of
ﬂlﬂ‘lll:tt.hy..
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Physical features of the Himalayas—The geography of & large
part of the Himulayas i not known, beeauss immense arcos within
it have not yet heen explored by scientists; much thermfore -
maits for future observation to add to (or alter in) our existing
knowledge, Lately, however, the Mt, FEvercst nnd other expedi-
tions to Tibet and the Knrnkoram have made additions to onr
knowledge of large trocts of the Himalayas, The cast (Assam)
seotion of the Himalayns, however, is govgraphically still almost
i ferra fneopgnifa.  The Himalayas are not s single continuous
chuin or range of mountains, but & series of several more or less
parallel or converging ranges, intersected by enormots valleys
and extensive plateans, Their width is between 100 and 250
miles, comprising many minor ranges, and the length of the Cen
tral axial range, the © Great Himalsyan vange ", i 1500 miles,
The individusl ranges generally present a steep slope towards the
plainsof Indis and & more gently inclined slope towards Tibet, The
northern slopes are, again, clothed with a thick dense growth of
forest vegetation, surmounted higher up by never-ending snows,
while the southemn slopes are too precipitous and bare either to
secunitlate the snows or support, except in the valley badsins, any
but s thin sparse jungle.  The connecting link between the Hima-
Inyns and the other high ranges of Central Asin—the Hindu Kush,
the Knrakoram, the Kuen Lun, the Tien Shan snd the Trans-Alai
ra —is the mass of the Pamir, ** the roof of the wotld ™
The Pamirs (Persian Pa-i-mir={oot of the eminences) are u series
of broad, alluviom-filled valleys, over 12,000 feet high, sepuratod
by linear mountain-masses, rising to 17,000 feet, From the Pa-
mirs, the Himalayas extend to the south-esst is an unbroken
wall of snow-covered mountaing; pierced by passes, fow of which
m lsss than 17,000 feet in elovation,  The Enstern Himalsyas of

and Sikkim rise very shruptly from the plains of Bengal
md Oudh, and suddenly attain their great olevation above the
snow-line 'l'il:hiu strikingly short distances from the foot of the
mountains, Thus, the peaks of Kanchenjunga and Everest are
only s few wuiles from the plaine snd are visible to their inhubitants,
But the Western Himulayus of the Punjuli and Kumbon rise
gradually from the plaing by the intervention of many moges of
lesmer altitudes ; their peaks of sverlusting suows wro mom than .
handred miles distant, hidden from view by the mid-Himalsyan
ranges to the inhabitunts of the plains,
To the north of the Himalayas i the Wock of High Asis, the
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biggest and wost elovated land-mass on the earth’s surface,
Ditectly to the north is the high platean of Tibet of 16,000 feet
mean altitude, traversed by the  Trans-Himalaya " and the
Aling Kangri ranges; farther north are the Kuen Lun and Altyn
Tagh ranges and, separated by the great desert basin of Tarim,
the Tien Shan range. A peculiarity of these ranges is that they
decreaso In convexity of are as we go north till in the Tien Shan
the trend-line becomes nearly straight, The easterly extension of
the Kamkoram range into Tibet beyond 80° long. is not known.

Metesarological influence of the Himalayas—This mighty range
of mountains exervises ns dominating an influence over the
moteorological conditions of India as over its physical geography,
vitally affecting both its air and water cireulation, Itshigh snowy
rnges have o modersting influence on the temperature and hu-
midity of Northern India, By reason of its altitude and its situa-
tion directly in the path of the monsoons, It is most favoursbly
conditioned for the precipitation of much of their contained
moisture, either as rmin or snow,  Glaciers of enormous magnitude
ure nourished on the higher mnges by this preeipitation, which,
together with the abundant rainfall of the lower ranges, feeds a
mumber of rivers, which course down to th plning in hundreds of
fertilising streams. In this manner the Himalsyas protect India
from the gradual desiccation which ix overspreading the Central
Asian continent, from Tibet northwards, and the desert conditions
that inevitably fallow sontinental desicention.

Limits of the Himalayas—Geographically, the Himalsyas are
generally considered to terminate, to the north-west, at the great
bend of the Indus, where it cuts throngh the Kashmir Himalayas,
while the south-eastern extremity is defined by the similar bend of
the Brahmaputra in upper Assam. At these points also there is
o well-marked bending of the strike of the mountaing from the
general north-west-zouth-east to an approximately north and south
direotion. Some geographers huve refused to aceept this limitation
af the Himalayan mountain system, becauss according to them
it jgnores the essentinl physical unity of the hill-ranges beyond
the Indus snd the Brahmaputra with the Himalayns. They
would extend the term Himalayns to all those ranges to the east
and west ({,«. the Huazara and Baluchistan mountains and some
ranges of Burma) which originated in the same great system of
Pliveens orogenic upheayals.

T'he Syntasial Benids of the Nimnlagar—The trend-lines of the Himi-
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layan chain und its east and west terminations possess much interest
from w strustural point of view and need farther remarks,  Foe 1500
miles from Asam to Kashmir, the chain follows one porsistent 8.5.-
N.W. direction and then appears to terminate suddenly at one of the
greatest sminences onits axis, Nanga Parbat (26,020 foot), just where
the Indus has cut s imtnonsely deep gorge right aoross the chain.
Geological studins have shown that just at this point the strike of the
mountaing bends sharply to the south and then to the south.west,
passing through Chilae and Hazara, instead of pursiing its north-
wosterly course through Chiteal. All the geological formntions here
tako a sharp hair-pin bend s if they wero bent round s pivotal point
obstructing them. This extraordinary inflexion affocts the whole
breadth of the momtains from the foot-hills of Jholum to the Pamirs,
On the west of this syntaxis (s thiv noutely refloxed bundle of mountain.
folds is termed) the Himalayan strike swings from the provalent N.E,
to & Ni-to-5. direction In Hazars and continues so to Gilgit; then it
turns K..to-W., the Pamirs showing s distinet equatoria] disposition of
their geologioal formations. To the southi-cast of this, the main tee-
tonio etrike quickly takes on n N.W.-8.E. orientation through Astor
und Deosai—a diroction which persists with but minor depariures to
wrstern Asswin.

The eastern limit of the Himaliyas beyond Assam is uot yet quite
certain, but from the few geographieal and geclogical obssrvations that
have been made in this region it appears that the tectonioc strike here
also undergoos a deep knes-bend from an costerly to a southerly trend.
In the Arakan Yomas the geological wxis of the mountains for several
hundred miles is meridional, bending acutely to the N E, near Fort
Hertz, Beyond this point there is an abrupt swing to the N.W., then
to ENE-WSW, and finally to B W. throngh Assam and Sikkim.

The cawse of these ramarkablo bendas of the momntain.axis i dis-

cossed on page 4223
Classifieation of the Himalayan Range

(1) Geographical—For geographical purposes Burrard hus di-
vided the long alignment of the Hinnlayan system into four seo-
tions: the Punjab Himalayes, from the Indus to the Sutlej, 350
miles long; Kumaon Himalayas, from the Sutlej to the Kali, 200
miles long; Nepal Himalayas, from the Kali to the Tista, 500 miles
long; and Assam Himalayas, from the Tista to the Bralunaputra,
450 miles long. Also the Himaluyvan svetem is olassified into
three parallel or longitudingd zones, differing from one another
in well-marked orographical features:

T N Wiihiie; The Symaxcis of W N.W, Hinulayos i its’ Rovkn, Teetonles
nikl Crogesty, Mo, GEALE, woll o, . 2, (034,
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(1) The Great Himalaya: the innermost line of high ranges,
riging above the limit of perpetual snow, Their sverage height
extends to 20,000 feet; on Ib ave situsted the peaks, like Mount
Everest, K2, Kanchenjungs, Dhuulagiri, Nangs Parbat, Gasher-
brum, Gosainthan, Nanda Deévi, obet

(2) The Lesser Himalayas, or the middle ranges: a series of

ranges closely velated to the former but of lower slevation, seldom
rising mnch above 12,000-15,000 feet. The Lesssr Himalayas
form an mtricate systom of ranges; their average width is fifty
miles.
{#) The Outer Himaloyas, or the Siualik ranges, which intarvene
between the Lesser Himalsyas and the plains.  Their width varies
from flve to thirty miles. They form a system of low foot-hills
with uh mverage height of 3000-4000 feet,

(II) Geological —As regards geological struoture and age the
Himaloyas fall into three broad stratigraphical belta or zones,
These zones do not eorrespond to the geographien] zones ua i rule,

(1) The Northern or Pibefan Zone, lying behind the line of
highest elevation (f.e. the central axis corresponding to the Great
Himalayn), Thiszone is composed of a continuons series of highly
fossiliferous marine sedimentary rocks, rnging in age from the
earliest Palueozoio to the Eovens age. Excopt near the north-
western extremity (in Haznra and Kashmir) rooks belonging to
this zone are not knowu to ocour svuth of the line of snowy penks,

(2) The Central or Himalayan Zowe, comprising most of the
Lesser or Middls Himaloyss together with the Great Himalaya.
It is mostly composed of erystalling and metamorphic rocks—
granites, gneisses, and sohists, with unfossiliferons sedimentary
deposits of very ancient (Purana) age.

(3) The Outer or Sub-Himalayan Zene, corresponding to the
Biwalik ranges, and composed almost entirely of Tertiary, and
principally of Upper Tortiary, sedimentary river<deposits,
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The abave is w very litlol sevount of & gost Jiportai kit b
in the geography of [ndia, and Lhe student must reler to the works
mentioned at the ond of the chapter for Tarther information,
espocially to that by Sir Sidoey Borrard and Sir Heury Hayden,
Second Edition, 1832, revised by Burrard and Dr, A. M. Heron,
which contains the most luminous acoount of the geagraphy and
the geology of the Himualayms.

Physical Peatures of Kashmir Himalayas

Large parts of the Himalayas aro yet unexplored; not only the
geology, but even the main features of the srography and geo-
graphy are not well known over vast araz, The only parts that
are surveyed with some degreo of exactness are the Punjab Himn-
layas of Kashmir and Simla-Chakrta, & fow of the great valleys
of the Central Himalayas, the tracks of exploring expeditions
and of the Tibetan travellers and traders. Even within these
there are large distriots which are geologically unknown, wis., the
terrain between the Ravi and Sutlej, whiok is mostly unexplored
ground, while districts such as Baltistan, Zanskar and Ladakh are
imperfectly known. To give an idea of the main festures of o
section of the N. W. Himalayas, its orography and physical foa-
turce, the following acoount of the geography of the Knshmir
mountains; which may broadly serve s a type, will be summarised
helow,

The orographic features—Punjab Himalayas—Theto ia o olose
uniformity in physical fentares and geological conatitution of the
Unter-Middle Himalayan tract from Rawalpindi to Dehra Dun.
An admirable account of the geography of the Kashmir-Hima-
layan region is given by Frederick Drew, who spent many vears
in this region; in his well-known book, Jasimu asd Kashiie Terri-
tories (E. Stanford, London, 1875). 'What follows in this seotion
18 an abridgement from thia author's deseription, modified, to
some extent, by incorporating the investigations of Inter obsarvers,
The central Himalayan axis, after its bifurcation near Kulu, has
one branch to the north-west, known us the Zansksr Range, ter-
minating in the high twin:peaks of Nun Kun (23,447 feet) (' the
Great Himalaya Range * of Burrard); the other branch runs dos
west, a little to the south of it, as the Dhauladhar Range, oxtending
farther to the north-west an the high pisturesque rango of the Pir
Panjal, so conspionous from all parts of the Punjab. Between
these two branches of the erystalline axis of the Himaluyas livs a
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longitadinal vallegy with o south-east 4 north-west, frend, some 84
miles long and 25 miles beoad dn its middle, the broadest part.
The Jong diameter of the oval is parallel to the general strike of
the ranges in this part of the Himalayas. The total ares of the
Kashmir valley is 1900 ug. miles, its mean level about 5200 feet
above the sea, The ranges of mountaing which surround it at
every part, except the narrow gorge of the Jhelnm at Baramula,
attain, to the north-east and north-west, o high general altitude,
some peaks rising nhove 18,000 feet, On the south-western bor-
der, the bordering ridge, the Pir Panjal, is of comparatively lower
altitude, its mean elevation being 14,000 feet. The best known
passes of the Pir Panjal range, the great high-ways of the past,
aro the Panjal Puss, 11,400 feet; the Budil, 14,000 feet; Golab-
ghar Pass, 12,500 feet; Banihal Pass, 9300 fest. Tata Kuti and
Brahma Sakal are the highest peaks, abave 15,500 feet in elevation,

The Outer Ranges (the Sub-Himalaya or Siwalik Ranges)

The simple geological structure of the outer ranges. The
" duns "—The outermost ranges of the Kashmir Himalayn rise
from the plains of the Punjab, commencing with n gentle slope
from Jammu, attain about 2000 feet in altitude, and then end
abruptly in steep, almost perpendicular, escarpments inwarda,
Then follows & succession of nurrow parsllel ridges with their
strike persistent in u N.W..8.E. direction, sepamted by more
or less hiroad longitudinal or strike-valloys (the basins of subse-
quent streams). These wide longitudinal or strike-valleys inside
the hills are of more frequent occurronce in the central parts of
the Himalayas, and stisin a greater prominence there, being
known there as “ duns * (.. Delira Dun, Kothri Dun, Patli Dun,
ete.), In the Jammu hills the extensive, picturesque duns of
Udbampur and Kothi are quite typieal. The Kashmir valley itself
may be taken as an exaggerted instance of a dun in the middle
Himaluys. These outer hills, formed entirely of the younger
Tertinry rocks, rarely sttain to greater altitude than 4000 feet or
thereabouta. The outer mnges of the sub-Himalayan zone,
bounded by the Ravi and the Jhelum, the two east and west
boundaries of the Kashmir State, are known as the Jammu hills.
Struoturally, as well ax lithologically, they partake of the same
chamﬂmnummmﬂmhllht@thumtmdmt,wﬁnh
have received u greater share of attention by the Indian geologists.
Runges situnted more inwards, and formed of older Tertiary rocks
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(of the Murree series), reach a higher altitude, about 8000 to S000
feet. At the exit of the great rivers, the (Chenab and the aTheluni,
there is an indeutation or & doep flexure inwirds into this region
corresponding to an abrupt change in the direction of the strike
of the hills. In the case of the Jhelum st Muzafarabad this
flexure is far moro conspiouous and significant, the result of the
syntaxial bend of the whole mountuin-system, the strike of the
whale Himalayan range there changing from the usual south-east
—mnorth-west to north and south und thence undergping another
deflection to north-east—south-west. (Seo PL XVIIL)

The Middle Ranges (Lesser or Middle Himalayas—The Panjal

and Dhauladhar Ranges)'

The Panjal Range. “ Orthoclinal™ structure of the Middle
ranges—This region consists of higher mountains (12,000.15,000
feet) cut inta by deep ravines and precipitous defiles. The form
of these ranges bears s great contrast to the outer hills described
above, in being ridges of irregular direction that branch again and
again, and in exhibiting much loss correspondence between the
lineation of the hille and the strike of the beds constituting them.
In the Pir Panjal, » singulady well-defined range of mountains
extending from the Kaghan valley to beyond the Ravi valloy,
which may be taken as a type of the mountains of the Middle
Himalayn, these ridges present genemally o stoep esoarpment to-
wards the plains and » long gentle slope towards Kashmir, Such
mountains are spoken of a8 having an * orthoclinal ** structure,
with & * writing-desk "' shape (sse Fig. 30, p. 580), To this oause
(among severnl others) is due the presence of dense forest voge-
tution, the glory of the Middle Himalaya, elothing the north and
north-eastern slopes, succeeded higher up by a capping of snows,
while the opposite, southern slopes are, oxcapt in protected villey-
slopes, barren and devoid of snow, being too steep to maintain u
sail-cap for the growth of forests or allow the winter-snows to
aconmulate,  South-east of the Ravi, the Pir Panjal is continned
by the Dhauladhar range, passing through Dalhousie, Dharamsala
fnd Simls.  Geologically the middle Himalays of this part are
different from the foothills, being vomposed of & zone of highly
compressed and altered rocks of various ages, from the Purana

L ¥or a contoited aoogomt of L WLH of Pir Pangal, soo Middivciss, Nee.
S vol, xhis ph. 2, 1001, weud Wadia, G ingd of Poonoh wsd Adfoining Ares,

Moen. GLEL ool 1L i, 2, 10%E
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und Carboniferous to Eovene.  The axial zone of the Panjal mnge
is composed of the Permo-Carboniferous, For map of the Pir
Panjal, see Pl. XV.

Inner Himalayas
The zone of highest elevation. Physical aspects of the inner
Himalayas—To the north of the Pir Panjnl and Dhauladhas ranges
e the more lofty mountain-ranges of the junermost zane of the
Himalayas, rising above the suowline into peaks of perpetusl
snow, The valley of Kushmir is the synclinal basin enclosed
between the Pir Panjal range to the south and an offehoat of the
Central axial rangs to the north.  In the North Kashmir range,
ant offshoot of the Zanskar range, which forms the north-eastern
border of the valley, there are peaks of from 15,000 to 20,000 feet
in height.  Bevond this range the country, with the excoption of
the deep gorges of the Middle Indus, is a high-level platean-desert,
utterly devaid of ull kinds of vegetation. Here there are elovated
platesus and high mountain- ranges separated from one another
by great depressions, with majestic peaks towering to 24,000 feet.
The altitude steadily increnses farther north, till the peak K2, on
the mighty Karakoram or Mustagh range, attaing the qumumng
height of 25,200 feet—the second highest mountain in the world.
The Karmkornm chain is the watershed between Indis and Turke-
stan,  The valleys of these regions show varying charaoters, In
the south-east is the Changehenmo whose width i from five to
six miles, with an avemge height of 14,000 feet above sea-level.
From that to the north-west the height of the valley-beds descends,
till in Gilgit on the very flanks of the gigantic peak of Nanga
Parbat, Diynmir (26,820 feet), tho rivers have cut so desply
through tho bare, bleak mountains that the streams flow at an
elevation of only 5000 and, in one case, 3600 feot above the level
of the sen. At places, in north and north-east Kashmir, there are
extensive flat, wide plains or depressod tracts among the moan-
tains, tmwidnlobemlled valleys, of which the most conspicuons
are the platenns of Deosai, 13,000 feet high, Lingzhitang, 16,000
foet, and Dipsang of about the same height. The physical fioa-
tures of this extremely rogged, wind-swept and frost-bitten region
mmeh in charwoter,  They present an aspect of desolate, ice-
bound altitudes and long dreary wastes of valleys nnd depressed
lands totully differont from the soft harmony of the Kashmir
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moimtains, greenw with the abuodunoe of eest wl iiltivation,
The rninfall steadily diminishes from the fuiely abundant preipi-
tation in the outer and middle ranges 1o an almost Lotal shaenee
of sny reinfall in the distriots of Ladakh and Cliljrit, whiel i their
bleakness and barrenness partake of the ehnraeter of Tibet, La-
dakh is one of the loftiest inhnbited regions of the world, 12,000
15,000 feet. Ita short but warm summers snable o fow grain and
fruit erops to ripen.  Owing to the great aridit v of the stmoaphere,
the climate is one of fierco extremes; from the burning heat of
some of the desert tracts of the Punjab plains in the day to several
degrees below freezing-point st night.  Baltistan, lying directly
to the north of Kashmir, and recciving some share of the stmo-
spheric mouisture, has a climate intormedinte between the lutter
and that of Ladakh. In consequence of the grest insolation snd
the absence of any water-action, there lus sccumulsted an abun-
dunce of detrital products on the dry nplands and valleys forming
a peculiar kind of mantle-rock or regolith of fresh, undecoimposed
rock-fragments. The bare mountains which rise from thew ex-
hibit the exquisite desert coloration of the rovks due to the
peculiar solar weathering.  Between Ladakh and the Dhauladhay
g are the districts of Zanskar, Lahoul and Rupshu, sonsisting
of intrioately rumifying glaciated ranges of erystalline rocks, inter-
sected by lofty valleys having but a restrioted druinago into a fow
galine lakes and marshes. This rugged country is orossed by a
few trude-routes from Simin and Kulu to Tibet, through high
passes, 16,000 to 18,000 feet. With the exoeption of o part of
Ladakh, which vonsists of Tertinry rocks and a busin of Mesogoie
sedimentary rocks on the northern flank of the Zanskar moun-
tains, by far the lnrger part of the inner mountains is composed
of igneons wnd metamorphie rocks—granites, gneisses nnd sohista,

There is no counterpart of the Kashmir basin north of the
Dhauladhar in the Simia mountains. Fast of the Sutlej the
Dhnuladhar range approaches and eloses in with the Great Hima-
lnym Range. The important Spiti basin of Paluoo-Mesozaie sedi-
ments lies to the north of the erystalline gneissio nxis of the latter,

Valleys of Kashmir

The transverse valleys. The configuration of the vallays—In
conformity with the peculiarities of the other Himalayai rivers,
briefly referred to above, the great rivers of this ares —the Indus,
Jhelum, Chenab, Ravi, and Sutlej—after running for variable
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distanoes wlong the strike of the muuntains, suddonly mmke an
acute bomd o the sonth wnd low directly jeross the mountains,
The Sutlej, like the Indus, takes its origin in Tibet, much to the
nocth of the Indo-Tibet watershed. Just at the point of the
bend, a large tributary joins the main stream and forms, as it
were, its upward continuation. The Gilgit thus joins the Indus
ot its groat beml to the south; the Wardwan joins the Chenab
ot its first curve in Kishtwar, and the Ans st its seoond onrve
plainwards, above Rissi. The Kishengangs and the Kunhar meet
the Jhelum at Domel, where the latter takes its acutest curve
southwards before emerging into the Panjab.  Similarly the Spiti
river joina the Sutlej where the latter takes its final southward
turn, These transverse, inconsequent, valleys of the Himalayas,
a4 we shall sce Iater, are of great importance in proving the
antiquity of the Himalayan rivers, an antiquity which dates
before the elevation of the monntain-system (see page 30). The
configuration of the valloys in the inner Himalayn of the Knsh-
mit regions is very peculiasr, most of the vallays showing an
abrupt alternation of deep U-shaped or I-shaped gorges, with
broad shelving valleys of an apen V-shape. This is due to the
scanty rainfall, which is powerless in eroding the slopes of the
valley where they are formed of hard erystalline rocks and where
the downward corrasion of the large volume of streams produced
by the melted snows is the sole agent of valley-formation. The
broad valleys which are slways found above the gorge-like portions
are carved out of soft detritul rocks whioh, having no cover of
vegetation or forest growth to protect them, yield too rapidly to
mechanical disintegration. Many of the vallevs are very deep.
This is patticularly seen in Drava, Kamah and Gilgit, By far
the deepest of all is the Indus valley in Gilgit, which at places is
bordered by stupendons precipices 17,000 feet in height above the
level of the water at its bed, That this enormous chasm has been
excavated by the river by the ordinary process of river-erosion
would be hard to believe were not the fact conclusively proved
by the presence of small terroes of river gravels at numerous
levels above the present surface of its waters.

At Shipki the Sutlej receives its principal tributary, the Spiti
river, which has drained the wide synelinal bagin of marine Palseo-
zoic and Mesozoic sedimetits.  Up to this point the Sutlej js a
strike-valley, flowing along the whole length of the alluvial plateau
of Hundes in s profound 3000-foot cafion, excavated through
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horizontally bdded oesiferous Pluistocene bouldor gravel and clay,
depositod by itsell nt  formier stage of it history,  Below Bhipki
tho river turms south wnd teaverses a variety of geologioal forma.
tions- of the Zanskar and the Great Himalaya ranges, in narrow
gorges that are 10,000 fest deep al places, with perpendicular
rock-oliffs of 0000 to T000 fect shoer fall.  Tts passage through the
sub-Himalayan Tertiary zone holow Simla shows thet the river
ot various stages must have been impeded and deflocted in its
eourse again and again by its own deposits.

From the presence of numerous terraces of lacustrme silt along
the channel, the former presencs of n chain of lakes all along the
course of the Sutlej through the high mountaing is indicated. This
feature it shares with the Jhelum. Chenab and the Kunhar,

Lakes of Eashmir

There are very few lakes in the N.W. Himalayas, contrary to
what one would expeot in a region of its deseription. The fow
noteworthy lakes are the Wular, in the valley ; the salt-lakes of
Ladakh, bearing evidenco of a progressive destoeation of the coun-
try, piz., the Tsomorin in Ropshu, which i= 15 miles long and 2 to
& miles wide and about 15,000 fect high; the Pangkong in Ladakh,
which is 40 miles long, 2 to 4 miles wide and 14,000 foet in ele-
vation. The origin of the two last-named lakes is ascribed by
Direw to the damming of old river courses by the growth of alluvial
fans or dry deltas of their tributary streams ncross them. These
lakes have got several high-level beachos of shingle and gravel
resting on wave-cut terraces, marking their successive former levels
at considerable heights above the present level of the water, The
wide, level valley-plnins of the Changehenmo, Dipsang aod Ling-
zhitang, ot an elevation of from 16,000-17,000 feet, may be re-
garded as of lnoustrine origin, produced by the desiccation snd
silting up of saline lake-basing without any outlet. There are »
number of smaller Inkes or tarns, both in the valloy of Kashmir
proper and in the bordering mountains, most of which are of recent
glaciul origin, o few of which may he true rook-basins.

The source of the Sutlej is now known to be the two sacred joe-
bound lakes of Manasarowar snd Rakas Tal, situated behind the
Himalayan water-shed at an altitude of 16,000 feet, to the south
of the peak of Kailas. Sven Hedin has found that the Sutlej
tlows from the Rakas Tal, which derives ita water by subtermnean
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deainage from the adjacent Masasarowar and nob weually through
any visible ehannel,

Glaciers of Kashmir

Transverse and longitudinal glaciers—In Drew’s work, already
mentioned, there is o snow-map of Kashmir which admirably
shows the present distribution of glaciers und snow-fields in the
more elevated parts of these mountaing beyond 5500 foet elevation.
With the exception of a few small glaciers in the Chamba moun-
taing, there are no glaciers in the middle and outer Himalayns at
present.  In the Zanskar muge glaciers are numerons though
small in wize; only at one ceutre, on the north-west slopes of the
towering Nangn Parbat (26,020 feet), do they appear in great
numbers and of large dimensions. One of these (the Divamir) de-
scenda to a lovel of 0400 foet nhove the sea, near the village of
Tarshing, North and north-esst of thess no glaciers of any magni-
tude ocour till the Hunza valley on the south of the Muostagh, or
Karakoram, range is reached, whose snormous snow-fields are
drained by a number of large glaviers which are among the lirgest
glaciers of the world.! The southern side of this stupendous
mountain-chain nourishes # number of gigantio glaciers some of
which, the Biifo, the Biltoro, 'I.I'm_Sim-hrn. the Remo, and the
Braldu glaciers, are only exeeeded in size by the great Humboldb
of Gireenland. There aro two clusses of these glaciers: those
which descand transversely to the strike of the mountains and
thoss which descend in longitudinal valleys paraliel to the trend
of the wountains. The latter are of large dimensions and sre more
stable in their movements, but terminate at higher elevations
(sbout 10,000 feet) thun the former, which, in vonsequence of their
steeper grade, descend to ws much as 8000 to 7000 feet. The
Biafo glacier of the Shigar valley reaches nearly 46 miles in length
and the Hispar 38 miles. The lowest lovel to which glaciers de-
scend in the Kashmir Himalayas is 8000 or oven 7000 feet, reach-
ing down to cultivated grounds and fields fully 4000 feet lower
than the lowermost limit of the rs in the eastern Himalayas
of Nepal and Sikkim, Many of these gliciers show seculir varin-
tions indicative of increase or diminution of their volumes, but no
definite statement of general application con be made abont these
changes (p. 25). The majority of the glaciers, like the Tapsa,
ure receding, and lesving their terminal moraines in front of them,
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which huve become covered by gross and in some cases even by
trees; bul others, like the Palma glacior, are steadily advancing
aver Ltheir own terminal moraines!

Proof of Pleistocene Ice Age—Thete are abundant evidences,
here ns everywhere in the Himalayas, of the former greater de-
velopment of glaclers, althaugh there ure no indubitabls proofs of
their ever having descended to the plains of the Punjab, or even
to the lower hills of the outer Himaluyss., Large transported
blocks are frequently met with at various localities, at situntions,
in one case, but little above 4000 feet. The Jhelum valley be-
tween Ui and Barmuls contains & number of large boulders of
granitoid gneiss brought from the summit of the Kaj Nag range
(to the NW.), some of which are us lurge as cottages. These are
common phenomens in all the other valleys; rock-polishing and
grooving are well seen on the oliff-faces of the Lidar, Sind, and
their trbutaries, while typical rockes moufonndes are not rare on
the hard, resisiant rock-surfaces in the beds or sides of these
vialleys. In the Sind valley, near the village of Hari (6500 feed)
on the road to Sona Marg, Drew has seen a well-grooved roche
maoulonnée. A little higher up, at Sona Marg itself (9000 feet), are
seen undulating valleys made up entirely of moraines. In the
valley of Kashmir proper some of the fine impalpable buff-
coloured sands and laminated. clnys, inferstratified m:u:mg the
Karows doposits, are of glacial origin (" rock meal ”), formed
during melting of the ice in the interglacial perinds. The whole
north-gast side of the Panjal mnge and o a Jess extont elevations
above 6500 feet on the south-west are covered thickly under an
extensive accumulation of old moraine materials, which have
buried all the solid geology (see Fig, 39), In northern Baltistan,
whaore the existing glaciers attain their maximum development,
there are othor characteristie proofs of old glacistion ab fur lower
levals than the lowest of modern glaciers; polished rock-surfaces,
rock-groovings, perched blocks, ete. ovcur sbundantly in the
Braldu valley of this district, Many of the valleys of this region
in their configuration are of # U-shape, which later denunding
agencies are trying to change to the normal V-shape,

Other Mountain Ranges

Other ranges of the extra-Peninsuls —Ruuning transversely to
the strike of the Himalsyus st either of its extremitios, and believed

i For gluinrs of the W villay, o Fec, G54 vol. xxv, pia. 3 pod 4, 1T
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to belong to the same system of upheaval. are the other minor
mountain-tanges of extra-Peninsular Indin. Those to the west
are the flanking ranges which form mountain-ares on the Indo-
Afghan and Indo-Baluchistan frontier. Those to the east are
the muuntain-ranges of Burma. Many of these mnges have an
approximate north-to-sonth but pronouncedly arouste trend.

The names of these important ranges aro:

Wesr . Easr
The Salt-Range The Assan ranges
The Sulaiman range The Manipur ranges
The Buogti range The Arakan Yoma
The Kirthar range The Tenasserim runge
The Mekran range

With the excoption of the Salt-Range and the Assam runges,
the other mountaina are all of & vory simple type of mountain-
structure, wnd do not show the complex inversions and thrust-
planes met with in the Himalayas. They are again principally
farmed of Tertiary rocks.  The Salt-Range and the Assam ranges,
however, um quite different and possess several unique features
which we shall discuss later on. Their rocks hayve unidergone
A greater amonunt of fracture and dislocation, and they are not
composed so largely of Tertiary roeks.

Mountain ranges of the Peninsula—The important mountain
mnges of the Peninsula are the Aravalli mountainy, the Vindhyns,
Satpuras, the Western Ghats (or, as they are known in Sanakrit, the
Sahyndris); and the irregular broken and discontinuous ehain of ele-
vations known as the Eastern Ghats.  OF these, the Aravallis are
the only instance of a true tectonie mountain-chuin, AITTHE 5Ehars
(with one possible exception to be mentitned Below) are merely
mountaing of circumdenudution, ie, they are the outstanding
remnants, or outliers, of the old platean of the Peninsula that have
escaped the denndation of sages, Not one of them shows any
axia of upheaval that is coincident with their present strike. Their
strata show an almost undisturbed herizontality, or, st most, very

low nngles of dip. The Aravallis we ture in the
old Palagozoio and ndlln, @t encled as
w continuous chain of Tafey mo s MHF

Garhiwal Viat we at present see of them are but the

Teeply croded rt;munntn (1] Anointaing, their mere stumps
Iaid bare by mpm!adif@ of erodion. '
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Vindhya mountains. Satpura range—The moky country whirl
rises gradunlly from the sauth of the Gsngetic plains oulminntes
in the highlands of Central Indis (Madbhyw Bharat) comprising
Indore, Bhopal, Bundelkhinnd, ete. The sonthern edge of this
country 18 i stecp line of prominent ssonrpments which constitute
the Vindhyan mountaine and their easterly continuntion, the
Kaimur range. Their elevation is hétween 2500 and 4000 fest
above sea-level. The Vindhyas aro for their greater part com-
posed of horizgontally bedded sedimentary rocks of ancient age, the
contemporaries of the Torridon mandstone of Scotland,  South of
the Vindhyas, and roughly pamllel with their dircetion, are the
Satpura mountaing, The name Satpure, mesning ' seven folds ',
refors to the many parsllel ridges of these mountains, The chain
of ridges commences from Gaya and Rewah, runs south of the
Narbada valley and north of the Tiapti valley, and stretohes west-
wards through the Rajpipla hills to the Westorn Ghats, The
Vindhya and the Satpur ehains form together the backbone of
middle Indin, Very large parts of the Satpuras, both in the west
and the east, are formed of bedded basalts; the central part is
vomposed, in addition to a capping of the traps, of 4 core of grani-
toid and metamorphie rocks, overlain by Me=ozolo eanditones,
Some parts of the Satpuras give proof of having been folded and
aphsaved, the striloe of the folding showing s rough correspondence
with the general direction of the range. It is probable, therefors,
that parts of the Batpuras sre, like the Aravallis, » weather-worn
remnant of an old teotonie chain.

The Western Ghats—The groater part of the Peninsaly is eon-
stituted by the Deccan plateau. It is a central tableland ex-
tending from 12" to 217 north latitude, rising ahout 2000 feet
mean elevation ubove the sos, and enclosed on oll #ides by hill-
ranges, To its west are the Sahyadris, or Western Ghuts, which
extend unbroken to the extreme south of Malsbar, where thoy
merge into the uplands of the Nilgirls, some of whose peaks rise
to the altitade of 8700 feet above sea-level (the Dodabetta penk}.
the highest of the Peninsula, From the Nilgiris the Western
Ghats extend (after the solitury opening, Palghat Gap), throongh
the Anaimalai hills, to the extreme south of the Peninsula. The
Westarn Ghats, as the name Ghat denotes, are, down to Malabar,
steep-sitded, terraced, flat-topped hills or cliffs facing the Arnbian
sea-const and running with o geneml parallelism to it. Their
mean elevation i some 3000 feet.  The horizontally bedded lavas
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ol which they are wholly composed have, on wostherimg, given to
thom n characteristio " landing-stair ™ aspoct. This peculinr
modde of weathering imparts to the landecapes of the whole of the
Decoan a strikingly eonspicuous feature. The physical aspect of
tha Western Ghats sonth of Malabar—that is, the portion comn-
prising the Nilgiris, Anaimalai, ete.—is quite different from these
square-ont, steep-sided hills of the Deccan proper. The former
hills are of a more rounded and undulating outline, clothed under
a great nbundance of indigenons, sub-tropical forest vegetation.
The difference in scenery arises from difference in geological
structure and composition of the two portions of the Western
Ghate, Bevond Malabar they are compoaed of the most ancient
massive orystalline rooks, and not of horizontal lavers of
lnva-tlows.

The Eastern Ghats—The broken snd discontinuous line of moun-
tammpus country fucing the Bay of Bengal, and known as the
Eastern (ihats, has neither the unity of strueture nor of outline
characteristio of a mountain-chain. They form n discontinuotis
line from North Orissa to Madras and thenee continuing S.W.
through Arcot, as the hill-masses of Nallamalais and Shevaroys,
they fuse with the Western Ghats in the Nilgiris. Their averago
altitude is barely 2000 feet. The component parts belong to no
one geological formation, but vary with the country throngh
which the hills pass, and the high ground is made up of several
units, which are formed of the steep searps of several of the South
[ndian formations. Some of these scarps aro the surviving relics
of ancient mountain-chains vlevated contemporaneously with the
Aravallis.

Une remnining, less important, hill range of the Peninsula is the
trap-built Rajmahal kil of western Bengal; the Nallamalei hills
near Cuddapah are built of gneissose granite, and the Shevaroys
and Pachnimalai, south-west of Madras, ave built of charnockite
gneiss and khondalites.

GLACIERS

The anow-line, i.e; the lowest Limit of perpetual snow, on the
side of the Himnlayas facing the plains of India, varies in altitude
from about 14,000 feet on the sastern part of the chain to 19,000
feet on the western.  On the opposite, Tibetan, side it is about
3000 feet higher, owing to the great desiccation of that region and
the absence of moisture in the monsoon winds that have travensed
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the Himalayns. In Ladakh, with a scanty snow-fall, it is 15,000
feet. In the Hihdy Kush the sverage snow-ling is 17,000 feet
high. Owing to the height of the snow-line, the mountains of the
Lesser Himalayas, whoso genoral elevation is considerably below
15,000 feat, do not reach it, and therefore do not support glaciers
at the present duy.  But in some of the ranges, e.. the Pir Panjal,
there is clear evidence, in the thick muses of moraines covering
their summite and upper slopes, in the striated and polished roak-
surfnces, in the presence of numercus erratics, and other evidences
aof mountain-goulpture by glacisr-ive, such as efrgues pnd numerons
emull lnke-basing, that these ranges were extenzively glaciated nt
i late geological perind, cormeponding with the Pleistocene Glacial
nge of Burope and America,

Haciers of the Himalayas—The Gront Himalsyn, or the inter-
most line of mnoges of high altitudes reaching beyend 20,000 feot,
are the enormous gathering grounds of snow which feed & multi-
tade of glagiers, somie of which are smong the Iargest in the warld
outzide the Polar cireles, Much attention has been expended on
the soientific study and ehservation of the Himalayan snow fiells
snd gluciors, both by the Indian Geological Survey meteorologists
nad by seientific explorers of other countries, eg,, de Filippi,
Bullovk-Workman, Painelli,

Their size—In size the ghwisrs viry between wide limits, from
those that hardly move beyond the high recesses in which they
are formoed, to enormous ice-flows rivalling those of the Arotic
cirele.  The majority of the Himalayan glaciers are from two {o
three miles in length, but there are some giant streama of twenty-
four miles and upwards, such as the Milam and Gangotri glaciers
of Kumion and the Zemuy glacier, desining the Eanehenjongs
group of peaks in Sikkim, The lnrgest glaciers of the Indian
region mre those of the Karakoram, discharging into the Indus;
these are the Hispar and the Batura of the Hunzs valley, 36 to
48 miles long, while the Biafo and the Biltoro glaciers of the
Shigar tributary of the Indus are about 37 miles in length ; the
thiskness of the leo-stream in these glaciors greatly varies, from
400 to 1000 feet, Still more mighty examples are the Sischen
glavier, falling intos the Nubra affluent of the Indus, some 45 miles
long, and the Fedehenko of the Pamie region of about the same
dimen=ions,  Some messuemmonts taleen ol the end of the Bil-
tore glacier gave o depth of 400 oot of solid jce; the thickness in
the iddls of the body woull be oomsiderably groster. The
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thicknessof ice in the Zemu stream s 650 foet, while the F edchienko
lias a dopth of nearly 1800 feet of jce.

These giant ice-streams of the Karakoram are doubtlesd sur-
vivors of the Inst Tee Age of the Himalsyss, as the present-day
procipitation of snow in this region is not sufficient to feed these
groat rivers of joe.  Like the dwindling glaciers of the Kuen Lun,
these streams also will gradually diminish in size and retreat from

Fic. % View of the greal Bdliory Glacker, (Fromos dirmwing
by Col, Glodwin. Austen,

continmons defoct of “ alimentation ! The majority of the
glociers are of the type of valley glaciers, but what are koown
as hanging glaciers are by no means uncommon. As a rule the
glaciens descending trunsversely to the strike of the mountain aro
shorter, more fluctunting in their lower limits, and, since the
grade is steeper, they descend to sueh low lovels as 7000-8000 feet
in some parts of tho Kashmir Himalayss. Those, on the other
hand, that move in Jongitudinal valleys, parallel to the strike of
the mountains, are of a larger volume, less sensitive to slternating
temperatures snd seasonal variationy, and, their gradients being
low, they rurely descend to lower lovels than 10,000 feet.

Limit of Himalayan glaciers—The lowest limil of descent of the
glaciers is not uniform in all parts of the Himalayss. While the
ghiciers of Kanchenjungs in the Sikkim portion hardly move bie-
low the level of 13,000 feet altitude, and those of Kumaon and
Lahoul of 12,000 feet, the gluers of the Kashmir Himalayas
descend to much lower limits; 8000 feet, not far above villages

i el Kenpeth Mo, Soe, 81, ol edii pao 2, 10
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and fields. In several places recent terminal morsines are ob-
served at so low a level as 7000 feet. A very simplo causeo of this
variation has been suggested by T. D. La Touche. In part it is
due to the docrease in latitude, from 36° in the Karakoram to 28°
in the Kanchenjungs, and in part to the greator fall of the atino-
spheric moisture as rain and not as snow in the sastern Himalayas,
which rige abruptly from the plains without the intervention of
high ranges, than in the western Himalayns where, though the
total precipitation is much less, it all takes place in the form of
BIIOW.

Peculiarities of Himalayan glaciers—One notablo peculiarity of
the Himalayan glaciers, which mny be considered as distinctive, s
the presence of extensive superficial moraine matter, rock-wiste,
which almost complotely covers the upper surface to such an ex-
tent that the ice is not visible for long stretches.  On many of the
Kashmir glnciers it is a usual thing for the shepherds to encamp
in summer, with their flocks, on the moraines overlying the glicier
ice. 'The englneial and sub-giacial moraine stuff is also present in
such quantity as sometimes to choke the ice, The dinrnal motion
of the glaciers, deduced from vurions ohservations, is botween three
and five inches at the sides, und from eight inches to about a foot
in the middle. Observations on the movement of the grest Bal-
toro glacier by the Italian Expedition of 1909 gave as the velocity
of ioe at the snout the compuratively much higher figure of 5 feet
10 inches in 24 hours. The dimroul motion of the Fedchenko is
phout 1} feet, while that of the Zemn is 9 inches. Tn many parts
of the Himalayas there are loonl trditions, supported in many
cases by physical evidence, that there is a slow, general retreat
of the glacier-ends; at the lower ends of most of the Himnlayan
glnoiers there are enormous heaps of terminal momines left behind
by the retreating ends of the glaciers. The rte of diminution is
varinble in the different cases, nnd no general rulo applies to all.
In some cases, again, there iz an undoubted advance of the glacier-
ends on their own terminal moraines. Professor Mason’s recent

‘study of the Himalayan and Karskorwm glaciers has given some
valuable vesults: the velocity of glaciers and their advance and
retreat depend on topographical factors and not on climatic fau-
tors; the velovity has been found to vary in different glaciens from
one inch to many feet per day; variations in glacier activity, as
indiested by movements of the snont, muy be dbe to causes which
are, in dixtinet cases, soaular, peniodie, seasunal, or ncokdental,
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Mason observes that the Karskoram and Himalaysn glaciers
show no evidence whatever of any regnlar periodic variation
corresponding with any supposed weather-cycles,

In the summer months there is a good deal of melting of the ice
on the surfice. The water, descending by the crevasses, gives
rise to n considerablo amount of englacial and sub-glacial drainage.
The accumulated drainage forms an englacial nver, flowing
through o lnrge tunnel, the opening of which ut the snout appears
s an foe-cavie,

Records of past glaciation in the Himalayas—Lurge and numer-
ous as are the glaciers and the now-fields of the Himalaynas of the
present duy, they are but the withered remnants of an older and
much more sxtensiva system of jve-flows and snow-fields which
amee oovered Tibet and the Himalayss, As mentioned already,
many paris of the Himalayns bear the records of an ' Iee Age "
in somparatively recont times.  Aeoumulations of moraine débris
are seen on Lhe tops and sides of many of the ranges of the middle
Himalsyas, which do nob support any glaciers at the present time.
Terminal moraines, often covered by grass; aro to be seen in the
Pir Punjal st heights above 6500 feet, while the shapes of the ice-
planed monntains and the U.shaped valleys, at times terminnting
at the heads in wmphitheatre-like hollows (cirgues), are very char-
aoteristic fontures of this range,  Ancient mordines are seen before
the snoufs of existing glwiers, extending to such low elevations as
0000 feot or even 5000 feel. Sometimes there ape grassy moes-
dows, pointing to the remains of old silted-up glacial lakes. These
faets, together with the more doubtful cecurrences of what mny
be termed fluvio-glacial dreift at much lower lovels in the hills of the
Punjab, lead to the inference that this part of Indin ab least, if
not the Peninsular highlands, experienced u Glacial Age in the

Pleistocene period.?
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RIVERS AND RIVER-VALLEYS

Rivors, with their trihlllil.r)'-n:.'nh.-nu, are the main whannels of
drainage of the land-surface; they are at the same timo also the
ghief agents of lund-erosion and senlpture and the main lines for
the transport of the products of the waste of the land to the sea.
The drainage-ayvstems of the two regions, Peninsnlar and extra-
Peainsulur India, having had to accommodate themselyves to two
very widely divergent types of topography, sre nocessarily very
different in their churacter.  In the Peninsula the river-systems,
ag is obvious, are all of great antiquity, and consequently, by the
peaseless degradation of ages, their channels have approached the
laat stage of river-development, vis., the base-levelling of a conti-
ment, The valleys are broad and shallow, charmcteristio of the
regions where vertical erosion has almost ceased, and the lateral
erasion of the bunks, by winds, min, and streams; is of greater
moment. In consequence of their low gradients the water has
but little momentum, except in flood-time, and therefore a low
carrying capacity. In normal sensons they are only depositing
agents, precipitating their silt in parts of their basing, alluvial
banks, estuarine flats, eto,, while the streams flow in easy, shallow
meandering valloys. In other words, the rivers of the Peninsala
have almost base-levelled their vourses, and are now in & mature
or adult stage of their life-history. Their ' curve of erosion " is
free from irvogularities of most kinds exoept those oaused by late
earth-movements, and iz more or less uniform from their sources
to their mouths.!

Easterly drainage of the Peninsula—Ono very notable peenli-
arity in the drainage-system of the Peninsuls is the pronouncediy
easterly trend of its main channels; the Western Ghats, situatod
40 elose to the west boarder of thnl’mh;wh,bmugthbﬂﬁmﬁ
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The rivers that discharge. into the Bay of Boogal thow hivee thair
sources, and dorive their head waters. almost within sight of the
Arabian Bea. This feature in a land area of such antignity as the
Peninsula, where a eomplete hydrogeaphio system has been in
existence for a vast length of geologio time, 18 quite anomnlous,
andl several hypotheses have been put forward to account for it.
Ome supposition regards this fact as an indieation that the present
Peninsul iz the romaining half of a land mass, which had the
Ghats very near its centre as its primeval water-shed. This
water-shed has persisted, while a- great oxtension of the country
wost of it hes been submerged underneath the Arabian Sea. An-
other view, equally probable, is suggested by the exceptional
behaviour of the Narbada and the Tapti. These rivers discharge
their drainage to the west, while the other chief rivers of the area,
from Cape Comorin through the Western Ghats and the Aravallis
to the Siwalik hills near Hardwar (n long water-shed of 1700 miles),
all Tun ko the east. This exceptional ciroumstance is explained
by the supposition that the Narbada and Tapti do not flow in
willeys of their own eroding, but have usarped for their chanmels
two fanlt-planes, or deep alluviom-filled rifts in the rocks, running
parallel with the Vindhvas. These faults are said to have origi-
nited with the bending or ** sageing ' of the northern part of the
Peninsula at the time of the upheaval of the Himalayas as de-
seribod before.  As an ascompaniment of the same disturbanoe,
the Peninsular block, south of the eracks, tilted alightly eastwards,
causing the eastern drainage of the area.

This peculiarity of the hydrography of the Peninsula is illus-
treated in the distribution and extent of the alluvial murgin on the
two coasts. There is but o seanty margin of alluvial deposit on
the weatern eonst, except in Gujarat, whereas there is o wide belt
of river-borne alluviom on the east const, in addition to the great
deltaie deposits at the mouths of the Mahanadi, Godavari, Kistna,
Cauvery, cte,

Another peouliarity of the west const is the absence of deltaic
deposits at the months of the rivers, even of the large rivers Nar-
bods and Tapti. This peculiarity arises from the fact that the
foree of the eurrents generated by the monsoon gales and the tides
ia too great to allow alluvial spits or bars—the skeleton of the
deltas—to pecumulate,  On the other hand, the debouchures of
xmmnm broad deep estuariva daily swept by the recurring
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As n contrast to the drainage of Feninsular India, it should be

noted that the island of Ceyvlon has a *' radial * drainage, i.e. the

rivers of the ialand How outwards inoall directions from its central
highlands, aais well seen in any map of Coylon,

The Drainage of the Extra-Peninsular Area
The Himalayan system of drainage not a conscquent drainage—

In the extra-Peninsuln the drwi system, owing to the moun.
tain-building movement of ﬂiﬂ Em giﬂmur}' nge, 15 of much more
mnmlﬂm:uf the Peni _The rivers here are nob

v ng and trensporting agents but are also depositing
agents during their journey across the plains to the sea. Thus
thoy have built the vast plains of North India ont of a part of the
silt they have removed from the mountaing, The most important
fiet ko be realised regarding the ig thaT It 18 nob in & lnrge
measure & condeguent drninnge, e, its formation wee not conse-
quent upon the physical features, or the relief, of the country as
wo now ses them: but there are clear evidenees to show that the
prineipal yivers of the ares were of an age anterior to them. In
other words, many of the great Himalayan rivers ure older than
the mountaine they traverse. During the slow process of moun-
tain-formation by the folding, contortion, and wphesaval of the
rock-beds, the old rivers kept very much to their own channels,
although certainly working at an accelerated rate, by reason of the
great stimulus imparted to them by the uplift of the region near
their source. The great momentum aoquired by this upheaval
waa expended in eroding their ochannels at a faster rate.  Thus the
elevation of the mountains and the ercsion of the valloys pro-
veadod, pari passu; and the two processes keeping pace with one
another to the end, a mountain-chain emerged, with a complotely
developed valley-system intersecting it in deep transverse gorges
or oufions. These long, deep previpitous gorges of the Himalayas,
outting right throngh the line of the highest elevations, aro the
most charscteristic fontures of the geography, and are at ance the
Iést-marked results, az they are the clesrest proofs, of tho in-
consequent drainage of this region: From the above pecnlinrities
the Himalayan drainage is spoken of as an anfecedent drainsge,
meaning thereby n system of drainage in which the main channels
of flow were in existenco before the present features of the region

were impressed on it
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The Himalayan water-shed—This ciroumstance of the antece-
dent drainage also gives an explanation of the much-noted peculi-
arity of several of the great Himalayan rivers, eg. the Indus,
Sutlej, Bhagirathi, Alaknanda, Kali, Karnali, Gandak, Kosi and
the Brahmaputra, that they drain not only the southern slopes
of those mountains, but, to n lnrge extent, the northern Tibetan
slopes us well, the water-shed of the chain being not along its line
of highest peaks, but a great distance o the north of it. This,
of course, follows from what we have said in the last paragraph.
The drainage of the northern slopes flows for a time in longitudinal
valleys, in strnctural troughs parallel to the mountains, but sooner
ot later the rivers invariably take an acute bend and deseend to
the plains of Indin by cutting neross the mountains in the manner
alrendy described.

The transverse gorges of the Himalayas —These transyerse
gorges of the Hinalayas are sometimes thousands of feet in depth
from the crest of their bordering pregipices to the level of the
water at their bottom. The most remarkable example is the
Indus valley in Gilgit, where at one place the river flows through
a narrow defile, between enarmous precipices nearly 20,000 feet
in altitude, whila the bed of the valley is only 3000 feet above ita
level at Hyderabad (the head of its delta). This gives to the
gorge the stupendons depth of 17,000 feet, yet the fact that svery
inch of this chasm is earved by the river is olear from the fact that
small patches or * terraces ' of river gravel and sand-beds are
observed at various elavations above the present bed of the Indus,
marking the successive lovels of its bed.  Other examples of simi-
lar gorges are numerous, 4. those of the Sutlej, Gandak, Kosi,
Alaknanda, ete. are deep defiles of from 6000 to 12,000 feet depth
and only from 6 to 18 miles width between the summits of the

mountains on the sides.

[Although thers is not much doubt now reganding the truo ongin of
the transverss gorges of the Himalayas by the process described above,
these valleys have givem rise to much disoussion in the past, it being
not admitted by some observers that those deep defiles could have been
entirely dne to the erosive powers of the stresins that now oceupy them.
It was thought by many that originally they were s series of transyerse
fissures or faults in the mountains which have leen subssquently
widened by water.action. Another view was that the elevation of the
Himalavas dammed back the old rivers and converted them into lakes
for the time being, ‘The waters of these lakes on overflowing have out
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thie gutges ueress the athountaing, in the matnor of mtreating waterdills,
The alwsenoe of lacusteine deposite al ths head of the principal vivers
idoes nob lend support to this view, tioughit is probable that this factor
may hoave operated in u secondary way in some opses.  The defils of
the Alnknanods again; is known to huve earved o part of its valley ulong

n line of faualt.
There is no doubt, however, that some of these transvorse valleys.

numely those of the minor rivers, huve been produced in & grost mea-
sure by the procssa of hedd-erosfon, from the combined action of the
stream or the glavier at the hesd of the river eotting back into the
mountaing, whereby the water-ghed rdeeded farther and farther north.
wards. It iz necessary to suppose this becanse the volume of drainkge
from the northern slopes, in the enrly stages of valloy.growth, could not
have beun large enough to give it sufficient erokive encrgy to koop it
valleva opoen during the snocessive nplifts of the mountaine.]

River-capture or piracy—Many of the Himalayan rivers, in their
higher courses, illustrate the phenomena of river-capture ar ™ pir-
aoy . This has happened oftentimes through the rapid head-
erosion of their main transverse streams, capturing or ** behead-
ing "' suocessively the secondary laterals belonging to the Tibetan
drainage-system on the northern slopes of the Himalayas. The_
best examples of river-capture are furnished by the Bhagirathi
and other tributaries of the Ganges, the Arun in the Everest area,
the Tista of Sikkim, and the Sind! river in Kashmir.

** Hanging valleys ' of Siklim—Some of the valloys of the Sik-
kim and Kashmir Himalayas furnish instructive examples of
* hanging valleys ”, that is, side-valleys or tributaries whose level
15 some hundreds or thousands of feet higher than the level of the
main stream into which they discharge. These hanging valleys
huve in the majority of instances originated by the above process
of rapid head-erosion and eapture of the lateral streams on the
apposite slope. A well-known example is that of a former tri-
butary of the Tista niver of Sikkim, discharging its waters by
precipitous cascades into the Rathong Chu, which is flowing
npirly 2000 feet below its bed.  Prof. Garwood, in desoribing this
phenomenon, suggests that the difference in level between the
hanging side-valley and the muin river is due not wholly to the
more ackive erosion of the latter, but also to the reeent ocoupation
of the hanging valley by glaciers, which have protected it from
the effects of river-erosion.

T Olelhoom, Ree. 68T, vol. ool pi. 3, 1004
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LAKES

Lakes play wvery little part in the drainnge system of India.
Even in the mountainous vegions of the exten-Peninsola, partiou.
ludy in the Himalsyas, where one might expect them to be of
frequent occurrence, lakes of any notable size am very fow,

Lakes of Tibet, Eumaon and Kashmir—The principal lakes of
the extra-Peninsula arv those of Tibet, including the sacred Mana-
sarowar and Rakas Tal, the reputed source of the Indus, Sutlej,
and Ganges of Hindu traditions (but which have now been proved
to be the source of the Sutlej only). Koko Nor is the largest
(1600 sq. miles) amid hundreds of lake-basing in Tibet. The
Manasssrowar, 200 sy, miles in area, and Rakas Tal, 140 8q. miles,
are fresh-wator lakes, while Gunohu Tso, 30 miles to the oast, is a
saline lake, 15 miles lang, it being a elosed basin withont any out-
let. Other examples are: the lakes of Sikkim, Yamdok Cho, 45
miles in cireumference; Chamtodong, 54 miles; the group of small
Kumaon lakes (the Nuainital, Bhim Tal, ete.); and the fow lakes
of Kashmir, of which the Pangkong, Tsomorin, the Salt Lake, the
Walar and Dal wre the best-known surviving instances. There is
some controversy with regard to the origin of the numerous lakes
of Tibet, which occupy thousands of square miles of its surface
and aré the recipients of its inland surface drainage. Many are
regarded as due to the damming up of the main river-valleys by
the alluvial fans of tributary side-valleys (F. Drow):! some nre re-
garded as due to an elevation of a portion of the river-bed at a
rute faster than the erosion of the stream ((Oldham);?* while some
ure regarded as true erosion-hollows, scooped ont by glaciors—
rock-busine®  The origin of the Kumuon lakes is yet uncertain;
while a fow may bo due to differontial earth-movements like faul-
ting, others may have been produced by landslips, glaciors, eto,
The small fresh-water lakes of Kashmir are ascribed  very simple
origin by Dr. Oldham, They are regarded by him as mere inun-
dated hollows in the alluvinm of the Jhelum, like the jils of the
Ganges delta. The Manchar lake of Sind, a shallow depressi
tmly 8-10 feot deep, but attaining an aren of 200 sq. miles in the
mangoon, is in all probability of like character and arigin, forming
a part of the drainage systom of the Indus in Rind,

¥ Jomeed dind Kashmie Tareitpries [Lonmdon), 1875,
£ Ree, Q5.1 vol, xxi. ph. 3, 1588, ;
' Huntington, Jiwrnal of Genlogy, vol; xiv.; 1008, - B
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Salinity of the Tibetan lakes—Tho lakes of Tibwt axhibit two
interesting poculinritios, mz., tho growing salinity of their saters
and their proncunced diminution of volame sinoe late goologieal
times. The former circumstance is explainod by the fact that the
whole lake-area of Tibet possesses no outlst for dminage.  The
interrupted and restricted inland dminage, therofore, nocumulates
in these basing and depressions of the surface where solar evapora.
tion is very active, concentrating the chemically dissolved sub-
stances in the waters.  All degrees of salinity are met with, from
the drinkable waters of some lakes to those of others saturated
with common =alt, sodiom carbonate; and boms,

Their desiceation—The desiceation of the Tibetan lnkes f< n
phenomenon clearly ohserved by all travollers in that region. Old
high-level termces and sand and gmyel beaches, 200 to 300 feet
above the present level of their waters, are seen surrounding
almost all the basins, and point to & period comparatively recent
in geological history when the water stood at these high lovels,
This diminution of the volume of the water, in soite casés smount-
ing to s total extinetion of the lnkes, is one of the signs of the
inereasing dryness or desiceation of the region north of the Hima-
layas following n great change i its climate,  This Is attributed
in some measure to the disappearance of the glaciers of the lee
Age, and to the uplifi of the Himalayas to their present great
olevation, which has gut off Tibet from the monsoonic currents

The well-marked desicoation of the Jakes of Skardo, Rupshu and
other distriots of the north and north-east of Kashmir is & very
noteworthy phenomenon and has an important bearing on this
question, The former high lovels of their waters point to a greater
rainfall and humidity conneated with the greater cold of & glacial
period. The Teomoriri hus & terrace or beach-mark at » height of
40 feet above the present lavel of its waters, The Pangkong lake
has similar beaches at various levels, the highest being 120 feet
nbove the surface of the present luke.

Lakes of the Peninsula—Besides the fow small fresh water lnkes
of the Peninsula, two or three structural hollows in the Salt-Range,
filled with saline wator—the Son Sakesar, Kallar Kahar, ete.—and
the numerous small saline or alkaline basing (dhandas) of Sind lying
amid sand-hills, there are two vconrrences of importance becsuse
of some exoeptional ciroumstances connected with their origin and
their present poculiarities, The one is the group of salt-lakes of

c
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Hajputana, the other is the voleanis hollow or crater-luko of Lonar
in the Decoan,

The Sambhar salt-lake—OF the fiir or five salt-lnkes of Raj-
putans, the Sambhar lake is the most important. Tt hag an area
of ninety square miles when full during the monsoon, at which
period the depthof the water is abont four feet. For the restof the
vear it is dry, the surface heing encrusted by a white saliferous silt.
The cause of the salinity of the lnke was aseribed to various ciroum-
stances, to former connection with the Gulf of Cambay, to brine
springs, to chemical dissolution from the swrounding country,
ete, But 8irT. H. Hollsnd and Dr. Christie! have discoversd quite
a different esuse of its origin.  They have proved that the salt of
the Sambhar and of the other salt-lakes of Bajputana (Didwana,
Phalodi and Pachbadrs, ote.) is wind-borne; it is derived partly
from the evaporation of the sea-spray from the consts and partly
from the desiccated surface of the Rann of Cutoh, from whi
sources the dried salt-particles are carried inland by the
winds. The persistent south-west monsoons which blow through
Rajputans for half the year carry a large quantity of saline mud
und salt-particles from the above sites, which is dropped when the
velocity of the winds decreases, When once dropped, wind-
uction is not powerful enough to lift up the purticles again. The
oceasionnl rainfall of these parts gathers in this salt and sccemu-
lates it in the lake-hollows which receive the drainage of the small
streams. It is caloulated by these anthors, aftor s sevies of ex-
periments, that some 130,000 tons of raline matier are snnoally
borne by the winds in this munner to Rajputana during the hot
weather months.

The Lenar lake—The Lonar lake is a deep erater-like hollow
or bagin in the basalt-platesn of the Deccan, in the district of
Buldana, The depression is about 300 feet in depth and about a
mile in diameter. It is surrounded on all sides by & rim formed
of blocks of basalts, The depression contains at the bottom a
shallow lake of saline water, The chief constituent of the salt
water is sodium carbonate, together with a small quantity of
sodimm chloride. These salte are thought to have been derived
from the surrounding trap country by the chemical solution of
the disintegrated products of the traps and subsequent conoentra-
tion . .

The arigin.of the Lonae laka Hoilow Nas-basn wsoribed b a-vil-
L Rree. GALT, vol. xxxviil, pd, 2, 1009,
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eanit: explosion unaccompanied by any lava eruption. This is one
of the rare instances of voleanic phenomena in Indin within recent
times. On this view the lake-hollow is an explosion-crater or a
caldera,  Another explanation has been given lately,' which ex-
plains the hollow as due to an engnifment or subsidence produced
by the sinking of the surface within » ciroular fracture or frae-
tures, into a cavern emptied by the esoape of lava or voleanio
viponrs into the surrounding places,

COASTS

The consta of Indin are comparatively regular sad uniform,
there being but few creeks, inlets, or promontories of nuy mngni-
tade. It is only on the Malabar const that there are seen a num-
ber of lakes, lagoons or back-wnters which form a noteworthy
feature of that coast, These back-waters, rg. the Kayals of Tra-
vancore, are shallow lagoons or inlets of the sea lying parallel to
the coast-line. They form an important physical as well as oco-
nomic feature of the Malabar coast, affording facilitios for inland
water-communication. The silts brought by the recurring mon-
soon floods support large forests and plantations along their
shores. At some places, especially along the tidal estuaries,
deltaie fronts, or salt-marshes, there are the remarkable mangrove-
swamps lining the coasts. The whale sea-board is surrounded by
o narrow submarine ledge or platform, the  plain of marine
denudation ”, where the sea is very shallow, the soundings being
much less than 100 fathoms. This shelf is of greater broadth on
the Malabar coast and on the Amkan coost than en the Coro-
mandel coast. From these low shelving plaing the sea-bed sud-
denly deepens; both towards the Bay of Bengal and the Arabian
Sea, to a mean depth of 2000 fathoms in the former and 3000
fathoms in the latter sea. The seas aro not of any great geological
antiquity, both having originated in the earth-movements of the
Cretaceous or early Tertiary times aa bays or arme of the Indian
Ocean overspreading founderod areas of a large southern cantinent
(Gondwanaland), which, in the Mesozoic ages, connected India with
Africa and with Australin. As will be soen later, both these seas
had long inlots or gulfs penetrating far to the north during the
Cretaceons and Kocone—in the case of the former sea, to Assam
(thiz Assam gulf ran parllel with the Burma gulf of the same
sen), nnd in the case of the Arabian Sen to north Punjab and

) La Touche, e G.5.0. vol. xli. pt78; 1912
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beyund to Simla, The coast line in front of the deltas of the Indus
and Ganges is greatly changeable owing to the constant struggle
hotween the sea-ward growth of the delta snd the erosion of the
waves, the formation of lngoons, lnkes and sund-bars.  Extendive
mangrovi-swamps are n fonture of these coasts. The coast of
Sind forms part of the plain of marine denudstion, with the sea
hardly a few fathoms deep.

It has long been the belief of geologists that the escarpment of
the Western Ghats, parullel with the Malabar coast, has been
formed by scarp-faulting, while Blanford considered the Melran
coast of Baluchistan to be largely shaped by an E.-W. fanlt, The
sonth-east const of Amabia and the Somaliland coast as far south
a8 Zanzibar are likewise belioved to be determined by scarp-faults.
Thewholo of the north border of the Arabian Bea is thus sarrounded
by a serios of steep fractures believed to be of Pliocene or even later

.gaThu rocent researches on the submarine topography of the
Armbian Sea, conducted by the Marray Expedition of 1033-4, have
revealed some forther interosting facts,  These have shown that
there are intermittent snbmerged ridges; 10,000 feet high, some
0 miles from the Melran const and parallel with it. Two parallel
ridges, separated by o deep rift vallay, 2000 fathoms below the
surface of the sea (extension of the present valley of the Indus?),
starting from Karschi extend up to the Gulf of Oman. The axes
of these ridges are probably in tectonic continuation with the
Kirthar range of Sind composed of Hocene and Oligocens rocks.

Colonel SBewell, the leader of the Murray Expedition, is of the
opinion that there is a remarkable similarity between the topo-
graphy of the floor of the Arabinn Sea and the region of the great
Rift Valleys of Hast Africa.

Impartant geodetic data obtained by Colonel E. A. Glennie sug-
gest that the Laccadive archipelago, prolonged northwards by a
chain of shoals, is on o continustion of the axes of the Aravalli
mountaing, The islands of the seas are continental isluinds, with
the exception of the group of coral ielands, the Maldives and the
Lasceadives, which are stolls or barriorsreefs, reared on shallow
submarine banks, the unsubmerged. elevated ponits of the ancient
continent. Barren laland and Narcondasm are voleanio ialands
enst of the Andamans? The Tow level and smooth contours of

' I B. Seymour Bewell, Coographi mtid Ovsanocgrapibie Hsssnech in Tndian
Waters, Mewiiea, A&, Sor. Beng fxopp. -7, 188D,
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the trnot of eonntey which Tiew in front of the 8K, coast helow the
Mahanadi snggest (st it wis s submarine plain which kns emerged
from the waters ut o comparatively late date.  Behind this coastal
belt are the gneissio haghlands of the mainland —the Eastern Ghats
—which are marked by n more varied molief and rugged topo-
graphy. Botween these twao fies the old ghere-line,

The Arakan coast of the Bay of Bengal, with its nnmerous
drowned valleys and deep inlots, owes its foatures o recent de-
pression. The numerous islands of this coast as well as of the
Malay archipelago and the Esst Indies aro regarded as only the
unsubmerged portiona of n ones continuons stroteh of land from
Alkyab to Australia: _

The Malabar coast is fronted by a broad continental shelf which
stretches in a straight line from Cape Comorin to Kurachi at &
depth of less than 100 fathoms. Tt suddenly plunges to 110
fathoms to u deep submarine valley, separating the shelf from the
broad and irregular submarine ridge that stretches intermittently
from Rutnagiri to the Laccadive, Minicoy and Maldive islands,
These islands are the unsubmerged peaks of the ridge which rises

steeply from the sea bottom.
There are stmilarly two or three sich submarine ranges parallel

to each other and with the Mekmn poast, which are probably in
stroctural continuation with the Kirthar and other Sind ranges,
The Murray Ridge is the name given fo the innermost of these.
The submergence of this part of Sind-Baluchistan to. form the
north boundary of the Arsbian Ses, as of the Malabar coast along
its entire length to form the east houndary, esunot be of carlier
dite than Iate Miocene (the sge of the Kirthar range) or even
Pliocene,

It is well known that the Mekmn coast marks tho line of n
prominent tectonio fault and that the land with ita hill-ranges
(the continuation of the Kirthar range of Sind) which ouce existed
to the south has subsided boneath tho Arwbian Sew. This sub-

¢hain of interrupted ridges, separated from the Mokran
coastline by an 8000-foot-deep cafion- like valley, and 60 o 70 miles
distant from it, was mapped by tho John Murray Expedition which
stirveyed the Arabian Sea bottom in 1033,

On the east (Coromandel) const, the continental shelf is much
narrower. It is however eertain that the island of Ceylon is a
part of the Madeas mainland, severed only in sub-Recent times,
and separated by & submerged platform which is barely 5 fnthoms
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deap.  Catside the Indo-Coylon stradb e comstal shell plunges to
1000-1600 fathoms.  This const of Indis has been invaded biy the
ses ngain and again from the Jumssie to mid-Phocens times, but
the broad outlines of the coast were determined in the Crotaceous.
The coastal shelf broadens considerably and shallows to the south
of the Ganges delta, beeause of the heavy alluvial deposits of the
Ganges and the Brahmaputr.

VOLCANOES

Barren Island voleano—There are no living or active voleanoes
anywhere in the Indian region. The Malay branch of the line of
living voloanoes—the Sunda chain—if prolonged to the north,

Fi, 3—Tlw Volonno of Barren Taland in ihe Bay af Bangal.
(H. F. Blanfand. )

would conneet & few dormant or extinot voloanoes belonging to this
region.  Of these the most important is the now dormant voleano
of Barren Ialund (Fig. 8) in the Buy of Bengul, to the east of the
Andaman Islands, 12° 15" N, lat.; 03° 84° E. long. What is now
seen of it is n mere truneated remnant of & onoe much lnrger cone—
its basal wreck or calders. It consists of an outer amphitheatre,
about 2miles indinmeter, breached at one or two places, the remains
of the old vone, surroanding an inner, muchemaller, b i
cone, composed of regulnrly bedded luva-sheets of comparatively
recent eruption. At the summit of this newer cone is s erater,
about 1000 feat shove the level of the sea.  But the part of the
voloano seen nbwvathumhqﬂhminﬁgnlﬁmm&ih
whole volume.  The base of the cone lies some thonsands of feet
below the surface of the sea,
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The last time it was observed to be in eruption was early in the
nineteenth century; since then it has been dormant, but subli-
mations of sulphur on the walls of the orater point to a mild solfa-
taric phase into which the voleano has declined. F. B. Mallet,
of the Geological Survey of Indin, has given a eomplete account
of Barren Island in Memoir, vol. xxi, pt. 4, 1885,

Narcondam. Popa—Another voleano, along the same ling, is that
of the island of Narcondam, a eraterless voleano composed whaolly
of andesitic lavae, From the amount of denudation that the cone
has undergone it appeass 1o be an old extinet voloano,  The third
example is the voleano of Pops, & large centrally situated cone
composed of trachytes, ashes, anid voleanic breceia, albunted aboul
fifty miles north-enst of the oil-field of Yenangyaung, This is
also extinet now, the cone is much weathered, and the orater is
only preserved in part, From the fact that some volcanio matter
is found interstratified in the surrounding strnta belonging to the
Ireawaddy group, it seems that this voleano must have been in
an active condition ny far back as the Pliocene,

Koh-i-Sultan—One more voleano, within the Indian region,
but far on its western border, is the large extinet yoloano of Kob-
i-Sultan in the Nushki desert of western Balochistan,

Thero nee sane unverifind recorids of a sumber of living and dormant
voloanoes in Central Tibet nnd in the Kuen-Lun range of mountaing to

its north, Nooo of these, however, have beoti proved to he active
recently, although reports nhout the evaption of sume of theso having
been witnessed by Tibetan travellees from 4 distanos have been currant.

Among the voloanie phenomena of recent age must nlso be in-
oluded the crateriform lake of Lonar, described in a proceding
seotion. Whatever muy be its exact origin, it is ultimately con-
nected with voleanic action, Some more recent voloanio pheno-
mens witnessed in India may be mentioned. (i) An evanesoent
voloanic eruption in 1766 off the Pondicherry coast which threw up
large volumes of nalies and pumics and buile up, nt the site, an
island two miles Joiig while the oruption lasted. This islind was
soon reduced and eroded by the sea waves. (i) The fairly wide
distribution of fragments and polibles of pumice on the cossts of

' &phhﬂﬁrlm“ﬂhﬂmmmdihﬂmwh 1783, (Howing
aifnclars sl vohaenbs Dloaks up o some tons i weight woen from. ghe
rIUtEr Al thtﬂpufunmmwhkhm-hu-jmwmnmnlmmnf;ﬂn
sl vaponrs,  Another obsrver, in | 803, wilnossed o sories of wiplosions st L
wratier i inlvrenls of sevey fon miniten, Virwiig onl posss of dee tlurk
goave and vaponrs with gl rioletes b solsd [ITTFIITEN
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Cevlon (notably the east coast}—an island totally devoid of land
voloanie eruptive rocks—may be due to some unrecorded recent
or sub-Recent eruption under constal waters, Fishermen have
reported the oceurrence of a band of pumice running for some
miles parallel with the coast north of Trincomalee.

Mud-Volcanoes

Distribution of Mud- Volcanoes—We must here consider s curious
plienomenon—what was once regarded as a decadent phase of vol-
oanie action, but which haz no connection whatever with vulcani-
city.! In the Irrawaddy valley and Arakan coast of Burms and
the Mekran coast of Baluchistan, there occur groups of small and,
more raraly, large coneos of dried mud; from emall holes
(" eraters ') at the top there are discharged hydmcarbon gases
{principally mursh-gas), muddy =aline water, and often traces of
petroloum. These conical mounds, known ss mud-voleanoes,
oceur in great numbers in the Ramri and Cheduba islands on the
Aralan coast, the majority being about twenty to thirty feet high
although some wre much highor.  Near Minbuin Burma the cones
reach about forty feet, but in the dry olimate of Baluchistan some
are nearly 300 feet high, The great majority of mud-voleanoes
are assoviated with a very gentle How of muddy water, but in
excoptionnl casss the mud-volesnoes are subject to occasional
outhursta of great violence, fragments of the country rook being
thrown out with force; the friction muy oven be sufficient to
ignite the wecompanying hydroearbon gases,

Association with Petroleum—The gus, which is the prime cause
of the mud-voleanoes, hos the same origin ns petroleum, and not
only do many of the mud-voleanoes exude small quantities of
petroleum, but a large number are in olose proximity to small
agilfivlds or to seepages of petroleum, Most of the mud-voleanoes
are near the crests of unticlinal folds or on lines of faulting. In
the Yenangyaung oilfield of Burmu there have been observed veins
of dried mud penetrating the Miocene strata ; these veins Tepresent
the channels supplying mud to mud-voleanoes that have long since
disappenred, The mud is derived from the disintegration of
shales of Tertinry age lying boneath the surface in olose association
with the gas-bearing strata. Where the shalo is easily diginte-
grated, the flow of witer small, and the climate dry, the mound

b Cartn Brorwn, Reo. 681 vob, xoovii pr. 3, 1000, Sie B L P, Méi.
s, wolo o, pis 1, IRES,
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of dried mud will form s very conspionous feature; where the water
brings up little mud, there may be nothing but a pool of dirty
water kept in constant agitation by bubbles of gas, There are
many seapages of this type in Assam, and in no case is a permanent
cone formed; in former days the hrine was an important local
source of salt.

Mud-voleanoes are common accompaniments of petroloum
ooeurrences in other parts of the woeld, especially in Russis and
the Duteh Bast Indies,

EARTHQUAKES

The earthquake zone of India—Fow carthquakes have visited
the Peninsnlis since historie times; but those that have shaken the
extra-Peninsuls form a long eatalogue,’ It is a woll-autheotiosted
generalisation that the msjority of the Indian earthquakes have
ariginated from the great plains of India, or from their peripheral
trmots.

Of the great Indian earthquikes recorded in history the best-
known are: Delhi, 1720; Caloutta, 1737; Eastern Bengal and the
Arakan ecosst, 1762; Cutch, 18197 Kaalimir, 1585; Bengal, 18856;
Asgum, 1807 ; Kungrs, 1905; North Bihar, 1034 Baluchistan.
1085 : Mokran, 1045 . and N.E, Assam, 1950, All of these, in the
sites of their origing, agree with the above statement.

The area noted above is the zone of weakness and strain implied
by the severe crumpling of the rock-beds in the elovation of the
Himaluyas within very recent times, which has, therefare, not yet
nttained stability or quiescence, Tteis wlwo acconding to some
nutharities & belt of underload, its rocks being about 18 per oent.
lighter than normal rocks. 1t falls within the great earthquake
belt which traverses the earth from east to west.,

The Assam Edrthiquake—On the 12th June, 1507, there ocourred in
Assam, heralded by u rour of extesordinary loudness, ane of the most
disastrons earthquakes of the world on record, the disturbed sres
hounded by the isoseismal of ¥ ot VI being no loss than 1,000,000 #.
miles. Shillang, with the surrommding sountry of 150,000 aq. miles, was
laid wiste it less than ons sinote, all communications wers destroyed,
the plains riddled with rents and flooded and the hill-sides wire scarmed
by gigantie landalips. The seismio motion was & complirated unduls-
tory movement of the ground, the vertical computent of which must
hiave oo bigh, for stomes on the tonds of Shillong were tossed in thi

L (i hntn, i af Dnding Eartliguakos, M, G5 vol, xix, pr, 3, [995,
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nir " like peas on s deam . The maximum gmplitude of horizantal
vibration was e much as ¥ indhes, the period being one second,
Wide, gaping earth.flssures oponed out in all directions in the alluvial
plaing, from which jssneil innumerable jots of water and sand, like
fountains, spouting up to J or 4 feet in the air.  Beds of rivers; tanks
and even wells were ridged up, or filled, by the outpouring sand, thus
greatly disturbing the drainage system of the land and causing extensive
flooding. Over i wide ares enciroling the epioentre, the mountains pre-
vipitatod landalips of unusual dimensions; which further abstraoted the

drainage.

The main shock was swoeeeded by hundrods of after-shocks during
the first month, felt all over the sliaken urea.  These shooks originted
In a Jurge numbor of shifting focl, soattered over the main epicentral
tract in w fitful manner, cortain districts registering far more shoeks
than others.

Of great significance goologically are the concomitant structiral
changes prodnced on the surface of the ground, such as fault-searps and
fractures, loeal changew of livel, compression of the ground, and slight
changes in the heights of hills, The most important fault-scarp mn
parallel with the Chidrng river for 12 miles, with & vertical throw
varying from 1 to 35 foet, producing s namber of waler.falls and as
many as thirty lakes in the conrse of the river,

R. 1. Oldham, the nuthor of & valusble memoir on this earthquake,
hus stated that the complox phenomena of this quake and the ocour-
rence of many maxima of intensity are invonsistent with a simple or
single fault-distocation. He bolieves that thero were numerons fool, or
ventres of disturbance, situnted over a tract 200 miles long and 50 miles
wide. The original disraption starting in & thrust faolt initiated
numerons sympathetic shooks along hranch-faults,. The after-shocks
were closely vonnected with the subsequent movemonts of these faults
and served in some degres to lncate them. 4

Oldham has computed the velocity of the carth-wiaves as about 2
tiles por second and the depth of origin of the main shock at only
5 miles or even loes 3

The Kangra Earthquake—The earthquake took place on the early
morning of the dth April, 1905, The shock, which was folt over the
whale of India north of the Tapti valley, was characterised by exeep-
tional violence und destructivencss along two linear tmets between
Kangra and Kulu, and betweess Mussoorie and Delita Ditn, These
were the epifocal tructs.  The destruction grew Jess und less in seveTity
us tho distance from them increased, but the arca that was percoptibly
shaken, and which is sncompassed by the isoseist of Tntensity I, of the
Remsi- Farel meale, inolodod suoh distant plaoes ae Afighunistan, Quetta,

' R I Obdbinen, Menndea, (281, vol, sxix., |50,
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Simdd, Cujnrat, the Taptl valley, Pie sod e Ganges dolta.  The eondea
or Uhiet fomd of K ariginil concussite, oF Llow, wite linr, corrosponding
to the two linesr opicontra, Kangra-Kulu wnd Muossoorie-Dehrs Dun,
ar rogions which were directly above and in which the vibrations had
large vertioal companent, The iscseiats, or onrves of equal intonsity,
ware henee ellipsoidal.

The peloeity of the quake was diffioult to judge, becauss of the absence
of any sceurate time-records st the differsnt outlying places.  But from
w number of observations, the moan velovity of the earth-wave ia
deduved to be nearly 1492 miles por soeand.

Middlemizs does not support the view that earthquakes of groat
severity originate near the mirface in & complex netwark of faults and
fracturen, He ascribes to the present eacthquake a desp-seated origin,
and calculstes, from Dhttan’s formuls for deducing the depth of foous,
& depth varying from 21 to 40 miles.

The main shock was sudden, with only a fow premonitory warnings,
but the after-shocks, of moderate to slight intensity, which sueceaded jb
for woeks and months, wore soveral hundred in number.  During the
whole of 1006 the number of after-shopks was from ten to thirty a
month, In 1907 they decreased in number, bub searcely in intennity,
In the sucoeeding yoars the number of shooks grew fower tll they
gradunlly disappoared.

Th geological effrcts of the earthguake were not very marked. These
were the usual disturbances of streams, springs, snd canals; & nuniber
of landslips and rock-falls took phece, also w few alight nltarations in the
level of same stations snd hill-tops (e.g., Delra Dun and the Siwalik
ills showed & rise of nbout & foot relativaly to Mussoorie). No true
fissitires of dislocations were, howsver, seen. In tho above respeots this
earthquike offers & marked contrast to the Assam quake of 1897, wheee
the geological results were of n more serious description and more per-
manent in their effect. _ _ :

With regard to the eanss of the sartheuake, there is no doubt that it
was a tectanic quake. Middlemis is of opinion thut it was duo to n
slipping of one of the walls, or chanye of strain, of & fault parallol to the
“ Muin Boundary Fault " of the outor Himalayas at two paints. Just
where the two epicentra lis sre two very woll-defined " bays * or in-
pushings of the younger Tertiary rotks into the older rocks of the
Himalayns, showing much packing and folding of the strata. Relief wns
sought from this compression b;rn.ﬁ#ﬂ:inhngo‘fuuuaﬁlnﬂfﬂm fauit,!

The Bihar Farthguake—0On the afternoon of 15th January, 1934,
North Bihar and Nepal were shaken by an earthguake of high inteosity.
Within three minntes the citiss of Monghyr and Bhatgaon {Nepal) were
in ruing, pod mm?mhlpnnuﬁlmnﬂmhlmmﬁwhﬂ

v Messiirs G0 wolo xxviil 180,
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were slrewn with deélicis of many public sl privete Lpildings. i

i Pornen woal Sitamarhi tilted and sank aodie dhe geooned | ] ol
amdl water were amibtod from countless fissures in the gronnd oponed
on oither side of the Gunges,  The intensity of the mnin shook was so
groat thut the recording apparatusos of the majoriky of the seismographe
worn thrown out of action, while the shooks were recorded & seirno-
logioal stations sa fur awsy s Passdens, Leningrad and Tokyo, The
ared enveloped by the Tsoseist of Intensity I1 wus ronghly 1,900,000
#q, milea. The main epicontre, where the intensity feaclied the degree
of X, were three: (1) Motihar Madhobani, (2) Katmando and [3)
Monghyr. 11,00 sq. miles of the Ganges buzin were riddled by fissures
amd sand-vemta which ejectod large volomes of water and sand, flooding
the eultivated country and killing the standing crops,  The total loss
of hinpan life is estimuted at more than 12,000,

The elfscts of the ecarthquake on the general condignration and drwin-
age of the country, sltorattons of lovel, fault-sonrps, landslips, ebo., were
not so marked as in the Assam quake of 1807, The period amd smpli
tude of vibrations and the maximum: noceleration of the earth-wove
wirs likewise not so remarkable,

Estimutes of the depth of forus on the yardons standard methods of
enlenlation vary lurgely, but it s probable that the movements respot-
sible for the shook may huve been along n highly inelined frocture op
fractures.

With regard to the cousd, there i somoe agrosmiont that this oarth-
quake wos not primarily coused by displacements nlong the Himalnyan
Bonndary Faults or thrusts, but that a more probable source of dis-
turbanve lay in the folded and fractured zone of the crust nndemonth
the Gangetic Basin—a geosynclinal depression, the bottom of which
mush eanpoivahly be under great steain '

Baluckistan (Quetta) Earthquake—This seismio disaster, thongh com-
paratively local in incidence, brought nmsual destruction of 1ife and
property on the town of Quetta on the night of 31st May, 1935. Ina
few moments this large mililary station was canverted into a graveyand
entombing 20,000 people, The epicentral truct is euleulatid to be only
abont 68 thiles long and 16 miles broad, betweon Quetta and Kalat,
away from which the intensity of damage rapidly decreased. The area
over which the shock was felt, enclosed by Isoseists of Intensity TV and
V., was 10,000 gq. muiles, which, considering the extrnondinary destrice-
tion caused st the epicentre, is unusually small.  From this fact, as
also from the ono that the intensity of the quake, as judged by the
distribution of the damage, ol off mpidly from the epiventre, it wak
evident that the focus of origin of this earthquake could not he very

deopseated.
U Reevaeds 681, vol bevill, pb. 2, 1004, Mo, 8.5 vol, xxiii., 1985,
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Extenaive rock-falls took place from the limestone oliffs around
Quetta and the ground, where composed of alluvinm or loose sail, wis
fissured biv a notwork of enicks.  Theee were however no marked wup-
hisavals on the sides of the cracks; which wore mainly superficial

The earthauake was of thy teetonic kind, thotgh oo conneation has
been established betwoon this (ar the less severe provious quake of
1931) and the various faults that have been moted in this region of
sevorely compressed and looped fold-axes. The mountsina of the
Quetta region form o deep re-nnteant angle, their tectonio axes being as
it. ware festooned around a pivot near Quetts, The strain on the rock-
folds arising from such o structure is probably respousible for the well-
known seismio instability of this part of Balwchistan.!

Mekran Coaat—In November 1945 un carthguake of some intensity,
with its epicentre near the Mekran ooast, 160 miles north-weat of
Karachi, took plivoe, sccompaniod by o violent tidal wave amd eraptions
of mud. The esrthquake-wave was of such intensity that it was re-
corded in Australis and the accompanying tidal wave, which rouched &
height of 40 ft. at some Mekran ports, caused great damage all along
the const, Bvim at Bombay the tidal wave, 6} fi high, swopt the
const amd washed sway n number of people.  Large ernptions from
submarine muil yoloano Jod to the appearance of an island a fow miles
off tho coast. This sarthiquake appears to be of & toctonis nature from
the large area that was affocted, being connected with the grent Mokran

const fault referred 1o om . 3T,

North-nast Assam—On the eventng of 15th August, 1650, north-sast
Assam was shaken by an earthquake of high intensity comparmhl in
aoma respects with the 1807 disaster. The ares suffering most extensive

damoge fn lifo snd property was 15,000 aquare miles inohuding the
districts of Lakhimpur, Sibsagar and Sadiys, while the area of lum

‘Tho earthquake was accompanied by

flasures discharging sand and water, subsidence of the gromd in some
aress and elovation of other tracts aitoring the drainagn of the country
and causing extensive floods. A fow days later these floods wero
wroatly nccontuated by the bursting of dams of numerous temparary
Jakes created by landslides on the Dikisng, Subansiri and other tribu-
taries of the Brahmaputre. Landlips of great size soarrod the mnges on
the north.eaat of Assam diseupting the trainage of innumerable strearns,
intindntions of which swept the conntryside for months after the quake.
The epicentre of the earthquake, dotermined by the selnmograplio
recordings v India and other pountries, wis about 200 miles north
LW D Wit Reconds @81, vol. Ixiw. b & 103, il Menusivs (L.5.0. winl,
favii. pi. 1, 1904,



41 GEOLOGY OF INDIA

of Budiyn in mountainous country on the north-sast border of Assam.
More damnge to life and property was caussd by river floods than
by the earthquake, Changes in the main drainage lines of north-east
Assam inoluding that of the Brahmaputra have been roported.

Local Alterations of Level

Elevation of the Peninsular tableland—Few hypogene distur-
bances have interfered with the stability of the Peninsuls us
contineptal Jand-muss for an immense length of geological timp,
but there have been a few minor movements of secular upheaval
and dopression along the coasts within past as well as recent times.
Of theso, the most important s that connected with the slight
but approciable elevation of the Peninsula, exposing portions of
the plain of marine denudation ns & shelf or platform round its
coasts, the west as woll us the east.  Raised beaches are found at
ultitudes varying from 100 to 150 feet at many places round the
coasts of India; a commoen type of raised beach is the Httoral
congrete, eomposed of an agglutinated mass of gravel and sand with
shells and coral fragments; while marine shells ave found ut several
places some distance inland, and at s height far sbove the level
of the tides. The steep face of the Sahyadri mountains, looking
like a line of sea-cliffs, and their spproximste parallelism to the
coast lead to the inference that the escarpment is & result of &
recent elevation of the Ghats from the sea and subspquent sea-
action modified by subaerial denudation. Marine and estunrine
deposits of post-Tertiary age sre met with on s large seale towards
the zouthemn extremity of the Peninsulat.

Local alterations— Besides these ovidences of a rather prominent
uplift of the Peninsuls, there are also proofs of minor, more locsl
alterations of level, both of elevation and depression, within sub-
Becent and pre-historio times.  The existence of beds of lignite
and peat in the Ganges delta, the peat deposits below the surface
near Pondicherry, the submerged forest discovered on the eastern
coast of the island of Bambay, ete. are proofs of slow movements
of depression. Evidences of uphesval are furnished by the ex-
posure of some coral reefs along the voasts, low-lovel raised boaches
on various parts of the Ghats, and recent marine aceumulations
above the present lovel of the sen.

Submerged forest of Bombay. Alterations of level in Cutch—
The submerged forest of Bombay is nearly 12 feet below low-water

m: R.vnw Pletstorena Movermont in the Todin Prdosula, Res. G851,
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mark antl 30 foet below high-water; hew a number of troo-sbumps
nre seert with thoeir roots én mife, embedded in the old soil*  On
the Tinnevelli coast n similar forest or feagmont of the old land
surface; half an acre in extent, is seen slightly below high-water
mark, Further evidence to the same effect iz supplied by the
thick bod of lignite found st Pondicherty, 240 feet helow ground
level, and-the layers of vegetable débris in the Ganges delta,
About twenty miles from the const of Mekmn the sea deepens
suddenly to a great hollow. This is thought to be due to the
sobmergence of a cliff formeely lying on the coast. The recent
sabsidence, in 1819, of the western border of the Rann of Cutah
under the sea, accompaniod by the elevation of a large tract of
land (the Aflak Bund), ia the most striking event of its kind
recorded in Indin, snd was witnessed by the whole of the looal
population, Here an extent comaisting of roughly 2000 sguars
miles in ares wae suddenly depressed to n depth of from 12 to 15
feet, nnd the whole tract converted into an inland sea.  The fort
of Sindree, which stood on the shores, the seene of many & battle
recorded in history, was also submerged underneath the waters,
nnd only n single turret of that fort reminined, for many years,
exposed above the sea. As an sccompaniment of the same
movements, another area, about $00 square miles, was dmnlb?n+
eously elevated several foot above the plains, into a mound which
was appropriately designated by the people the “Allak Bund "
(built of God), The olevated traot of land known as the Madhupur
jungle, near Dacea, is believed to have been uphenved ss much as

100 feet in quite recent times, This upheaval caused the deflee-

tion of the Brahmaputra river sustward into Sylbet, away from
the Ganges valley. ﬁnhn;thin d}-]:mgn the Brahmaputrs has again
ually changed it=: to wesk,

g}:dvm frithin historic times the Raon of Cutel was & gulf of the
sen, with surrounding coast towns, s fow rocognimble relies of
which yet exist. ~The guif was gradually silted up, u process nided
no doubt by a slow elevation of its floor, and eventually converted
into a low-lying tract of land, which at the present day is uiter-
nately a dry saline desert for s part of the year, and a shallow
swamp for the other

Thnphmnnhmg ﬂwm deop, nnerow inlets of the ses, in the
Andnman and Nicobar islands in the Bay of Bangal, point to a

' Ro, G52, vol. xl. ph. & 1878, ~ Alea T\ D La Toushe, Mee. 0,5.1.. vol. sliz.
B 4, 1919,
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subnergenco of thess mlands within Inte geological times, by wlhich
their inland valleys wers ** drowned " in their lower parts.  Good
examiples of drowned villoyvs oeeur on the Araknn const, whicl,
with its numerous estunries and inlets procesding inland from
siibmarine shell, gives proof of recent submergence along the
whaole streteh of country from Akyab to the Duteh East Indies,
In same of the erecks of Katlinwar nesr Porbander, on the other
hunil, oyster-shells wers found at severnl places and at Jevels moch
nhove the present height of the tides, while barnacles nnd serpulae
wore fonned &t lovels not now renched by the highest tides. In
Sind a number of oyster-banks have boon seon severnl feet above
high-water mork. Oystershells discoversd Intoly at Calonbia
likewise point to a wight Toenl rise of thy eastern const,

Himaluyas yot in a stato of tension—It is the belicf of some
geolpgists that apprecinble changos of level have recently taken
plaoce, and am still taking place, in the Himalayns, and that
although the loftiest mountaing of the world, they have not yet
attained to their maximum elevation but are still rising. That
alterations of level have Iately taken place is clear from a number
of circumstances, Many of the rivers bear incontrovertible proofs
of recent rojuvenation, due to the wplift of their water-shed,
Another fact, suggesting the same inference, 15 the frequency and
violenee of earthquakes in the Himalayns and in the depressed
tract Iying at their foot, By far the largest number of disastrous
Indian earthquakes have ocourred, as already remarked, along
these tracts. They indicate that the strata under the Himalayns
are in a state of tension, and are not yet settled down to their
equilibrium plane. Relief iz therefore sought by the subsidence
of some tracts nnd the elovation of others.

ISOSTASY

India is particularly favourably ciroumstanced for the study of
geodesy (the science of surveying and measuring large areas of the
earth). Ita triangular shape provides, from the foot of the
Himalayns to Cape Comorin, a strotch of 1700 miles of land over
one meridian.  Again the deformation of the geoid (the shape, or
as it is called, the figure of the earth) in India is such that in no
other part of the world has the direction of gravity been found to
undergo such abnormal varintions as have been detected by the
Survey of India in Northern Indis and by the Russian surveyors
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north of the Pamirs in Ferghana, Avconding o Burrand, in no
other country in the world does o snrfuee of liquid ot rest deviate
wo mneh from the hotizontal, It was in Indin that it was dis-
covered that a deficiency of matter wmderlios the vast pile of
superficial matter, the Himalayas; that, on the other hand, »
chain of denss matter runs hidden to the south of the Indo-
Gangelic plains; and that senward defleetions of the pendulum,
rather than towards the Ghats, prevail round the Deoccan consts.
These discoveries led ta the formulation of the theory of moundain
compensation in about 1854 by . B. Airy and the Rev. J. H.
Pratt, Archdeacott of Caloutta, a theory which was subsequently
alaborated and expanded by (. E. Dotton into the doctrine of
1sostasy. This simple hypothesis, which has had » great vogue,
particularly in Americs, implies a certain amonnt of hydrostatic
balance between the different segments of the earth’s crnst, and
an adjustment between the surface topographic relief and the
armngement of density in the sub-orust, so that above each region
of less density thero will be a bulge, while over tmots of greater
density there will be a hollow—the former will be the continents,
platenus and mountaing, the latter tho ocean-baging.  Tho excess
of material over the portions of the earth above seo-level will thus
be compensated for by n defect of depsity in the underlying
mnterial, the continents and mountains being floated becanse they
are composed of relatively light material. Similarly the Hoor of
the vcean will be depressed because it is composed of wnnsually
dense rocky substmtum.  If an exta load is imposed om any part
of the surface, e.g. ice-sheets during a glacial epooh, it must sink
under it, while regions exposed to prolonged denndation must fise
until equilibrinm is established. The depth at which isostatio
compensation is supposed to be complete 18 found, in the United
States of America, according to the calonlation by Hayford and
Bowie of the 11.8, Geodetio Survey, to be nbout 70 miles (113:7
kn).  In India it is difficult to arrive ot any snch definite figore,
for isostatio conditions must evidently bo different in the Penin.
sula, a region of high geological antiquity, from those of the extra-
Peninsular mountsin region, which has undergone very recent
orographie movements of the orust. In the formoer area isostatio
balance must be more perfect than in the Himnlayns and in the
great plains of the north. i :

Plumb-ling and pendulum observations at Dehra Dun have

shown that the  topographic deflection ', i.e. that due to the
- ;

s



a0 GEOLOGY OF INDIA

onlonlntend visibly muss of the Himualayss to the north, is 867, but
the troe ohserved deflection is only 31°.  For Murres the figures
ate 45" and 12° respectively; while for Kalisna, near Meerut,
which is only 50 miles from the foot of the Himalayas, the oh-
served deflection is only 17, whereas it ought to be 38°.  These
observations prove that the Himalayas are largely compensated,
though not fully; for the differences botween the observed defleo-
tions and the theorstical, even under the assumption of sostatic
compensation, are too great. The outer and middle Himalayas
are fomd to be under-compensated, while the central ranges
appear to be over-compensated,

On the Indo-Gangetic plains the deflections are invariably to
the soath and not towards the Himalsyns. This southerly de-
flection increases as far as lat. 23° N., to the south of which the
plumb-line deflects to the narth. Tlmmdmmpmltduuhnvﬂbmn
explained by Burrard by assuming that there exists underneath
the plains a chain of dense rock, from Orissa north-westwards
through Jabalpur into Kalat—an assumption which is borne out
by gravity measuraments of recent years.

Although mensurements of gravity and deviations of the vertical, as
carrind out by the Geodetic Burvey of Indis doring the last fow decades,
bruadly confirm the main postulates of the theory of iscstasy, this theory
is found to be inddequits in cxplaining the lurge anomalies of gravity
which exist in'Indin, even whon thore sre po surfice festures present to
pooount for them. For the main relief features of Indin, althoggh &
certain degres of compensation does exist, there aro serfous anomalies
betwoen the theorotion] und observed values of the direction und force
of gravity, which remain to be accounted for. For instance, the gravi-
metrie surveys have definitely proved belts of exeess of dinsity and of
defeots of density in North India whivh are not represented by any
surfuce deops or heights,

Tt is these data and their interpretation to cstablish a satisfactory
vorrelation with surface geology that have dmwn attention to the in-
sufficiency of the isestatic theory as prousunced by Hsyford. The
gravimetrie surveys have now definitely prnmin.dﬂp-md belt of
excess of density underneath the plains—the Hidden Range of Burrand
extending north-west and sonth-east of Jabalpur from Karachi to
Orissi.  To the north and sonth of this are belts of defects of dennity.
This irregular variation of density is inconsistent with isostasy, which
postulates that mndorlying excesses or defoots of gravity must be re.
flected in surface doeps or heighte. The gravity measarement work
carried out by the Burvey of India during the last few yesrs, from s
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large number of stations soattered over Indis, haa enabled them to
oxplain provisionally the numerous gravity anomalies by sssuming o
series of upwand bulges or downward warps or troughs in the sub-ceust
which mny be taken to be some 10 to 20 miles below the surface
Theso erustal warps clevate or depress the denser, more basic Inyers of
the subvorust, the Sima, which underlie the lighter more agidie rocks
of the surface crust—Sul—above or balow their equilibriom. plane,
The theory is still in a stage of disoussion but it promises 10 explain
the residusl snomalies in the foroe of gravity thut are so commonly

abaerved in Indin.
Tt appears that Indin as n whole & an wres of defective donsity.

Gravity In Indin is in deficit by an amount of material that is measured
spproximately by n stratum of rook 600 feot in thickness, spread over

nn wrea of two million sqnare miles,!
As a result of gravimeter surveys mode in the course of prospecting

for ofl, the distribution of gravity snomalies is known in same detail
wver lnrgn parta of north-eastern Indin snd Burma, and the evidence
liné boen analysod by P. Evans and W. Crompton. A line of maximum
gravity haa been traced from the extrome north of Burma southwards
to eontimue by way of Narcondsm and Barren Tnland to u similar line
in Sumatra and Java; s gravity minimmom liss under the Arakan Yoma
and conmects with s Hne runndng through thie Andamink to islands off

the south-wost const of Sumatra 2

DENUDATION

Monsoonic alternations—Among the physical features of Indin,
a brief notice of the various denudational processes in operation
in the country at the present time must be included. Tnasmuch
as climate is an important determining factor in the denudation
of n region, the peouliar features which the climate of India
possesses require consideration. The most imique feature in the
metoorology of Indin is the monsoonio alternations of wet and dry
weather, The division of the year into n wot half, from May to
October, the period of the moist, vapour-laden winds fram the
south-west (from the Bay of Bengal and the Arabinn Sea) towards
Tibet and the heated tracts to the north, and the dry half, from
November to April, the period of the rotreating dry winds blowing
fram the north-east, has a preponderating influence on the char-

¥ E. A Glnnbe, Geavity Anomelies snd the Stroetme of the Earth's Ceusl,
. Fap. 27, 1034 H. J. Couchman, Progres of Tlpoadrsy in Insding,
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noter and rate of the subserial denudation of the surface of the
country.

Lateritic regolith—The intensity of the influence exercised by
this dominating factor in the atmospherio eiroulation of the Indisn
region will be realised when the extent and thickness of the peeuliar
surface formution; laterits, is considered, Laterite is a form of
regalith highly pecaliar to Indin, and covers the whole expanse.
of the Peninsula from the Ganges valley to Cape Comorin; it is
believed by most suthorities to have tesulted from the subaerial
alteration of its swrfieo rocks undor the alternately dry and bumid
{i.e. monsoonic) wenther of Indis. Other chamcteristio products
of weathering of the surface rocks ¢n it in the Peninsulis are the
Red Soil of Madmme and that eapping the gneissic tracts of the
Deccan generally, and the Blaek Soil (regur),! which covers also
lnrge tracts of country in South Indin. The Reh efforescences of
the plainz of North Indin and the formation of nifre in some soils
should also be noted in this connection.

General character of denundation sub-tropical. Desert-erosion
in Rajputana—If this factor is excluded, the general atmospheric
weathering or denudation of Indis is that chamoteristic of the
tropical or sub-tropical zone of the earth. This, however, is &
very general statement of the case.  Within the borders of India
overy variety of climate s mot with, from the torrid heat of the
vast inland plains of the Punjub and North-east Baluohistan and
upland plateans (like Ladakh) to the Arctie eold of the higher
ranges of the Himalayns: and from the resking tropioal forosts of
the cosstal traots of the Peninsuln to the desert rogions of Sind,
Punjal and Rajputann. Rock disintegration is the predominant
process in the one area, rock decomposition in the other. The
student can casily imagine the intensity of frost-action in the
Himalavan highlands and the comparative mildness of the other
agoents of erosion in that wrea, such as rapid altemations of heat
and cold, chumical wetion, ete., and the vigarous chemical and
mechanical vrosion of the tropical monsoon-swept parts of the
Peninsuils, the denudstion of some parts of which partales of tho
character of that prevailing in the equatorind belt of the earth.
In the desert tructs of Rajputana, Sind and Baluchistan, mechani-
el disintegration due to the prevalent drought with ita great
extremes of heat and cold, the powerful insolation sl wind-
action, i dominant, to the exelusion of other agents of change.

! The subijeot of mils of India @ treated w Chapier XXV, p. M7,
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Tiv this belt theaction of the powerful sipmmer-winds and dust-
atorms whieh Blow for alout bwo mouths preceding Lhe sanimer
must result in the transport of vast quantities of fine detritus, the
prolanged accumulation of which has been the eause of the wide-
spread Joiss doposits of NW. Indin.  The tmnsporting power of
windg in the drier regions of Indis iz enormous.  Thousands of
ronz of dust aivd fine sand and silt are eorried by the upper corronis
of winda for distances of hundreds of miles and dropped where
‘their volocivy decrenges. Considerable vrogion of the surface and
of the soil-caps results in this manner in gome Punjab aod Raj-
putana tractz.  Eajputans affords & noteworthy exampie of the
evolution of desert topography within comparatively  recent
peological times. It nlso affords excellont dllustrations of the
geologioal notion of winds in modifying the surface-fentures of n
country.  (See Sand-dumes, Bhur Innds, ete.) This change has
been brought about by the great drymess that has overcome this
rogion sinee Pleistocene times, lending to the intensity of aeolian
sction on its surface.

Denudation by rivers—The geoiogieal work of Indinn rivers ealls
for a fow remarks. Some experiments by Everest prove that the
Gianges conveys annually to the Bay of Bengal, at a conservative
estimate, more than 356,000,000 tons of sand and olay—an aver-
ajre of over 900,000 tons of silt a day. There are some rivers of
Indiz whose waters are more silt-laden than those of the Ganges
for many days of the year. The solid matter suspended in the
Indus waters and discharged below Hyderabad, in Sind, is ronghly
estimated at 1,000,000 tans daily. The Brahmaputrs earries down
more silt than the Indus or Ganges. To the mechanieally trans-
ported débrie must be added the invisible amounts of chemically
dizsolved matter in the waters of the rivers.  Exact mensuremsmis
of these have not been made, but analyses of average samples of
river-water show that the amounts of salts, eg. sulphate snd
earbonste of ealonnn, silies, and the salts:of Na, Mg, Fe, eto,, re-
moved from the land to the sea in-solution by o river such ns the
Narbada or the Jhelum run into severnl millions of cubio feel per
annum. There are wide fluctuntions in the saline contents of
river waters draining different rock terrains, from less than 50
to over 400 parts per million. The salinity of the Mahanadi
river rising in the region of Archacnn orystalline rocks, mewr
Cuttack, is fonnd to amount to S0 parts in s million parts of
water,
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FPeculiarity of river-erosion in India—The [ndisn rivers sooorm-
plish an ineredible smount of erpsion doring the wot half of the
Year, trunaparting to the ses an enormous load of silt, in swallen
muddy streams, A streum in flood-time accomplishes n hundred
times the work it performs in the normal seasons, If the same
nmount of rainfall, therefore, were evenly distributed throughout
the yoar, the denudation would be fur less in amount,

Their floods—The Himalsyan streams and rivers ure specially
noted for their floods of extraordinary severity in the spring and
monsoon seasons, This arises from the ubsence in the Indian
rivers of lukes which exerciso u restraining influence on the num-
ber, violence and duration of river-floods.  Several of the Indus
flooda are noted in histary, the most recent snd best remembered
beitig those of 1841 und 1858, Drew! gives u graphic sccount of
the 1841 flood, when, after a period of unusually low lovel of the
wabers in the winter and spring of that year, the river, all of &
sudden, descended in a black, mighty torrent that in a fow minutes
toro and swept sway everything in its course, inoluding n whole
Sikh srmy that had encamped on its bunks below Attock with
its tents, baggage and artillery, The cause of this Hood is attri-
buted to o landslip in the narrow, gorge-like part of the river in
Gilgit, which blocked up the water and converted the basin of
the river above it into o lake thirty-five miles long and some
hundreds of feet in depth. The sudden bursting of the barrier
by the eonstantly increasing pressuro of the water on it after the
spring thaw is supposed to hsve onused the inmdation.

Many mountain chamnels are known to have been dammed back
by the precipitation of & whole hillside noross them. In 1803 in
Garhwal, the Alaknanda, s tributary of the Ganges, was similarly
blocked by the fall of a hillside, and was converted into a lake at
Gohna. The lake spread in extont and steadily rose in height for
su:luml months, till the waters ultimately surmounted the obstacle
and eaused o severe flood by the sudden draining of a
of the lake.® A similar flood i recorded ufthnﬁuﬂnihgnlgﬁf
The shoulder of & mountain gave way in the deop gorge of the river,
some twenty miles north-west of Simln; damming up the river
to o height of 400 feet, and producing the nsual devastating
Nlood when the obstruction burst. The formation of a Inka, 500 feet
deep and 15 to 20 miles around, in the Shyol river of Baltistan,

2 Sammu arnd Kawmtr Tereiioetes, FLondon, 1875,
¥ Bec, G50 val, xxvil, pr. 2, 1564,
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by the interposition of the snout of the Choug Kundun glacier
across the valley, successively in the springs of the years 1024,
1927 and 1930 is a recont instance. The bursting of the glavier
barrier made the Indus ot Attoek, situsted 700 miles downstream
from the Shyok dam, rise in flood at each oceasion.

The increased volume of water, combined with the high velocity
of the rivers in fiood -time, multiplies their erosive and transporting
power to an inoonoceivable extent, and boulders and  blocks,
several foot in dinmeter, are rolled along their beds, and earried in
this munner to distances of fifty or even & hundred miles from
their sources, causing much injury to the banks and wear snd tear
to the beds of the channels.

Late Changes in the Drainage Systems of North India

Many and great have boen the changes in the ohief drainage times
of North India since: late Tertinry times'—changes in fact which
have produced a complete reversal of the directions of flow of the
ahiof rivers of North Indin. The formation of the long thin belt
of Siwalik deposits along the foot of the Himalayas from Assam,
through Kumaon and the Punjab to Sind, widsning stoadily in
[ts westward oxtension, is now ascribed to the flood-plain deposits
of & great north-west-flowing river lying south of and parallel
with the Himalayan chain from Assam to the furthest north-west
corner of the Punjab, and then flowing southwards to meet the
geadually receding Miocene sea of Sind and Ponjab. This river
has been named the ** Siwalik River * by Pilgrim and the * Indo-
brahm "' by Pascoe, from the combined discharge of the Brah-
maputrs, Ganges and Indus which it carried ot one time, This
old river is believed to be the successor of the narrow strip of the
sen—tho remnant of the Himalayan sea Jeft after the main uplifi
of thoss mountains—as the latter gradually withdrew, through the
‘encroachment of the delta of the replacing river, from Naiui Tal,
Solon, Muzaffurabad and Attock to Sind. The Nummuiitic lime-
stone deposits of thess localities testify to the extent and boundary
of the Eocene gulf. The final extinetion of this gulf, which anee
stretohed from Assam to Sind, left behind it wide dver-basin in
which were luid down the thick sories of Muorwe and Siwalik
deposits during the interval between the early Miocens and the

%1, 3, Paseon, The Lndobmins, . Sowrn, Gosd, Sor., viili boce. yp. 138
i B s T e e B

{Narw Bociim), pipe. A1
Tntotaratym Fivor sttt fove, G811 bexy paper B, 140,
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end of the Pliveens.  Post-Siwnlik movements in the N. W, Punjab
brought about u dismemberment of this riversystem, which
hitherto hail flowed from the head-waters in Assan, through the
whole hreadth of India, to the Potwar and thesce to the receding
head of the Sind Gulf, into three subsidiary svstems: (1) the
present Indus from north-west Hazars; (2) the five Punjab tribu-
tary rivars of the Indus; (3) the rvers belonging to the Ganges
system which finally took s south-ensterly course,

The elevation of the Potwar into s platean converted the north-
west sootion of the main river into # separate independent drainage
busin, with the Sutloj as ita most easterly tributary. Hitherto the
main river had travellsd to its confluence with the Indus along a
track which was u north-western prolongation of the present
oourse of the Jumna, thence via the present bed of the Soan to
the Tndus, After these elovatory movements and separation of
the north-west section, the remaining upper portion of the main
chunnel wis subjected to a process of ruversal of flow; its water
Being forved bask by the Panjab elevations to seek an outlet into
the Bay of Bengal along the now sggraded, more or less lovelled
sub-montane pluing,  In this reversal of the old drainage Pascoe
assigna the chiel shareo to n process of rivor-captare by head-arosion
of the tributaries, The competonce of the agenay of river-capture
alone in secomplishing this far-renching change is debatable and
difforvmtinl earth-movement as the chief contributory cause is
suggested, nided by the meently lovelled and uniformly graded
drninage-lines on the surface of these wide plains,

The severed upper part of the Siwallk River beonme the modern
Ganges, it having in course of timo captured the transversely
running Jumna and converted it into its own afffnent. The
tranaverse Himalayan rivers, .. the Alaknanda, Karnali, Gundak
and Koai, which are really amang the oldest water-courses of
North India, continued to discharge their waters into this new
river, Irrespective of its ultimate destination, whether it was the

| Arabian Sea or the Bay of Bengal. During sub-Recent times
r some interchange took place hetween the easterly affluonts of the
Indus and the westerly tributaries of the Jumna by miinor shiftings
of the water-shed, now to one side, now to the other.  There sre
both physical and historienl grounds for the belief that the Junus
during enrly historic times discharged into the Tridus systom,
through the now neglected bl of the Saraswati fiver of Hindu
traditions, its present coumse to Prayng being of lnte aoquisition.
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The Punjab portions of the present Jhelum, Chenab, Ravi, Beas
and Sutlej have originated after the oplift of the topmost stage
af the Siwalik system and subsequent to the severance of the
Indus fromm the Ganges.  The Potwar platean-building movements
could not but have rejuvenated the small rivalets of the southern
Punjab, which until then were discharging into the lower Indus;
the vigorous head-erosion resulting from this impetns ennbled them
to eapture, one bit after the other, that portion of the Siwalik
River which crossed the Potwar on its westerly eourse to the Indus.
Ultimately, the head-waters joining up with the youthfnl torrents
descending from the mountains, these rivers grow much in volame
and formed these five important rver of the province, having
their sources in the snows of the Great Himalaya Range and de-
riving their waters from as far east as the Manasarowar lake on the
Kailns Range. ‘The western portion of the broad but now
deserted channel of the main river, aftor these mutilating opera-
tions, has heen oceupied to-day by the puny, insignificant stream
of the Soan, s river out of all harmony with its great basin and
the enormons extent of the fluviatile deposits with which it =
choked.

The Himalayas are indergoing a very notive phise of subacrial
erosion; being a zone of recont folding and fracture, their disinte-
gration is proceeding at a more rapid rate than is the osse with
alder earth-features of greater geologionl stability. The plains
of India and the Ganges delta are a fair messure of the amount
of matter worn down from a section of the Himalayas since the
Plioosne period.  Landslips, soil-creep, breaking off of enormous
hlooks from the mountain-tops, ave phenomens familiar to visitors
to these mountains. The denudation in the dense forests of the
hill-slopes in the Eastern Himalayas recalls that of the tropical
lands in its intensity and charaocter.
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CHAPTER 1T
STRATIGRAPHY OF INDIA—INTRODUCTORY

Correlation of Indian formations with those of the world—An cut-
standing difficulty in the study of the geology of India is the diffi-
eulty of correlating accurately the various Indian systems wnd
saries of rocks with the different divisions of the European strati-
graphical scale, which is accepted ns the standard for the world.,
The difficulty becomes much greater when thote is u total absence
of any kind of fossil evidence, ns in the enormous rock-systems of
the Peninsuls or in the outer zone of the Himalayas, in which
case the determination of the geologienl horizon is loft to the more
ot less arbitrary snd unrelinble tests of lithological composition,
structure, and the degree of metamorphiem aequired by the rocks.
These tests are admittedly unsatisfactory, but they are the only
ones available for fixing the homology of the vast pre-Cambrian
formations of the Peninsuls, which form such an important
feature of the pre-Palasozoio geology of Indin,

The busis of stratigraphy is the determination of the natural
order of superposition of strata; until the exact original succession
of deposits in a stratified series is ascertained no correlation of
stratw at different looalities is possible. It is the funetion of
stratigraphy to discover and srrange the sedimentary deposits of
the earth’s orust in the order of their age, so that each originally
older bed is lower in position than the next newer one. Apart
from the compliostions mtroduced by folding snd faulting,
which makes the application of the prineiple of superposition
diffieult, there is the diffioulty arising from frequent Interal varia-
tions of sedimentary strnta. A sandstone or Hmestono lying
betwoen two shale beds may thicken or thin out until the
whole serice become n group of sandstones or limestonos or

shaies.

The discovery by William Smith, st the end of the eighteenth

ventury, that groups of strata are characterised by the preserva-
&9
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fion in them of partiondar fossil ongenisms, and oan be identified
by them, laid the foundation of historieal geology. In establishs
ing corvelations of formations in distant areas the following eriterin

are amployed :

(1) The order of superpoaition,

(2) Fossil organisms.

{3) Lithalogical charactors.

(4) Stratigraphioal continuity.

(6) Uneonformities.

{8) Degree of metamorphiam,

(T) Tectonio and stroctural disturbance.

There is tio question, of course; of establishing any absolute con-
temporaneity between the rock-systems of India and those of
Europe, because neither lithological correspondence nor even
identity of fossils is proof of the synchronous origin of two rock-
areas so far apart. Biologieal facta prove that the evolution of
life has not progressed uniformly or in a simple struightforward
direction all over the globe in the past. but that in different
geographical provinces the succession of life-forms has been
marked by widely varying rates of evolution due to physical
differetices existing between them, and that the process of dis-
tribution of species from the centre of their origin is very slow
und variable. The idea, therefore, of contemporaneity is not to
b entertained in geological deposits of two distant areas, even
when there is o perfect similarity in their fossil contents.

What is essentinl is that the rock-records of India, discovered
it the various parts of the eountry, should be arranged in the order
of their superposition, i.e. in a chronological sequence. They
shoulil b classified with the help of local hreaks in their sequence,
or by the evidence of their organic remains, and uamed according
to some loeal terminology. The different. outerops should then
be eorrelated among themselves. The last and the most important
step is to correlate these, on the evidence of their contained fossils,
or failing that, on lithologioal grounds, to some equivalont divizion
or divisions of the standard acalo of stratigraphy worked out from
the fossiliferous rock-records of the world. -

In illustration of the above it may be remacked that the Car-
honiferous system of Europe is chiractorised hy the presencs of
certain types of fossils and by the absence of others, If in any
part of India o series of strata are found. containing u suite of
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organizms in which many of the genera and a few of the species
can be recognised as identical with the above, then the series of
atrata thus moarked off 18 correlated with the Carboniferous system
of Burope, though an acconnt; of local peuliarities nnd varistions,
the svatem is often designated by a local name. 1t is not of much
sigmificance whether they were or were not deposited mimultan-
eously, 5o long as they point to the same epoch in the history af
life upon the globe ; and since the history of the development of
life upon the earth, in other words, the urder of appenrance of the
suscessive lifo-forms, has been proved to be broadly uniform in nll
parts of the carth, there is some unity between theso two rock-
groups.  As a substitute for geological synchronism Prof. Huxley
introduesd the term Homotaxris, meaning ' Similarity of arvange-
ment ', and implying a corresponding position in the geological
pepies. :

The different ** facies "' of Indian formations—It often happens
{liat one and the same geological formation in the different dis-
triets is composed of different types of deposits, ¢.g. in one distriot
it is composed wholly of massive limestones, and in another of
clays and sandstones. These divergent types of deposits are
spoken of as belunging to different facies, e.g. & caloareous facies,
argillueeous fieies, drenaceous facies, eto, There muy aléo be
different facies of fauny, just as much as facies of rock-deposits,
and the facies Ie then distinguished aftor the chief glement or
character of its fauna, eg. coralline facies, littoral facies, ete.
Stich is often the case with the rock-formations of India. From
the vastness of its area and the prevalence of differont physical
conditions at the yarious pentres of sedimentation, rocks of the
same system or age are represented by two or moTe widely different
facies, one cosstal, another deep-water, a thind terrestrinl, and
sametimes even a fourth, voleanic. The most conapicuous ex-
ample of this i the Gondwana system of the Peninsuls snd its
homotaexinl equivalents, The former iz an fmmenso system of
fresh-water and subserially deposited rocks, ranging in age from
Upper Carboniferous to Upper Jurassic, whose fossils are ferns
and conifers, fishes snd reptiles, Rocks of the seme age, in the
Himulsyas, sre marine limestones and caloareous shales of great

; Crinpids, eto., from the testimony of which they are
grouped into Upper Carboniferous, Pormian, Triassic and Jurassie
systems. In the Salt-Range theso sato systems often exhibit =
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coastal facies of deposits like clays and sandstones, with littaral
organisms, alternsting with limestomes.

In this connection it must be clearly recognised how these
deposits, which are homotaxial, and more or less the time-
equivalents of one another, should come to differ in their foesil
contents. The reason is obvious. For not only are marine
organizms widely different from land animals and plants, but the
littoral specios that inhabit the sandy or muddy bottoms of the
coagts are different from those pelagio and abyssal organisms
that find & congenial habitat in the clearer waters of the sen and
at great distances from land. Again, the animal life of the seas
of the past ages was not uniform, but it was distributed sccording
to much the same lows as those that govern the distribution of the
marine biologicsl provinces of to-day. The fossils entombed in
some formations are of markedly local or provincinl affinities.
Provincialisation of faunas arises from various causes—the de-
pendence of organisms on their environments, their isolation, or
from relative preponderance or nhsence of competing species, or
from physical barriers to migration of species. Pelagio, or free-
swimming, members of a fauna attain » wider horizontal or geo-
graphical distribution than bottom-living forms. It thus arises
that the fossils present in a series of deposits aro not a funclion
only of the period when the deposits were Iaid down, but, as Lyell
says, are o * function of three variables ', viz., (1) the geological
period at which the rocks were formed, (2) the zoologieal or
botanieal provinees in which the locality was situnted, and (3)
the physioal conditions prevalent at the time, e.g. depth, salinity
and muddiness of water, temperature, character of the sea-
hottom, ete.

A new aid to stratigraphy that has come mto vogue may bo just
mentioned. The discovery that wanium snd thoriom break up
into other elements through atomic disintegration, producing s o
final residunm lead, the change taking place at & definite nnd
measurahle rate, has placed in the hands of the geologist n new
weapon for the determmation of the age of the great azoic pre-
Cambrian systems.  For India the investigation of lead-ratio and
helinm-ratio in gome radio-agtive minerals ocourring in the widely
spread Arohaean and Purana rock-systems may provide, when
these methods nre porfected, a guide to their correlution in distant
urons, as woll ns o measure of their absolute ages, facts which are
at present bub vaguely knowable, This waork is being carried out
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by & Committes mstituted by Government in 40 (Committes for
Moasurement of Geological Tinie in India),

The chief geological provinces of India—Ceographically us well
a& geologically Indis in one single well-defined unit. Though u
peninsula of the Eumsian continent, it is structumlly murked off
from it and has ever since the Upper Carboniferous period pursued
its own geologioal evolution ns a separate entity. In the geologieal
study of any part of this sub-continent, therefore, this nspect
should be constantly kept in view, for political divisions and
boundaries have no significance in the structure and formational
lines of a land-mass. For this reason the region of India is dealt
with a3 a geographical snd not n politieal umit and inclodes
Pakistan, Burma and Ceylon.

The following are parts of the Indian region which contain one
or the other section of the geological record in swome degree of
fullnpss, These isolated fragmentary records from different
arens when pieced togethor compose the geological history of
India: each area, therefore, needs careful study.
1. The Sult-Range (West Pakistan). .

This range of mountaina i a widely explored region of India. It
was one of the earliest parts of Indis to attroct the notico of the geo-
logists, bnmanmunhofihuﬁiynwm&bhpnmmunuuﬁw
the conspiruous manner in which most of the geolugionl eystems ave

ved in ita precipicos and defiles. Over and shove [ts steatigraphic
and palseontological results, the Salt-Rango Mustrates & number of
phenomenn of dynamical and tectonic goology.

2. The Himalayas.
As mentioned in the first chapter, a hroad zone of nedimontary strata

lies to the north of the Himalayns, behid its central axis, oocupying o

Inyas, This zone of muarine
developmenta of the geological
it all the perioda of earth-history from
It is alniost certain that this belt of sedim :
ﬂithnﬂlmnhymahﬁn,ﬁumﬂmﬂudﬂuhlmrbn!hnfwﬁmﬂ-
eastern extromity; but so far anly two portions of it hiave boon surveyed
in some dotail, the ono the north-west portinn- Koshmir Hims-
Mmmmm@ldmum&qufm
Simla region, especially the Spiti valloy, and the northern parts of
Kumnon Garhwal.
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(1) North-West Himalayas.

This aren inclides Hamar, Kasdimie, the Pie Panjul, unid the ranges
of ihe imer Himalayss. A very complote scquonce of marine Pal-
acozolt and Mesozols rocks is meb with in tho inner zone of the Motk
tnins, while s complete sequence of Tertinry dovelopment is seen in the
outer, Jamm hill. The Kashmir basin, lying hetween the Zanskar
and the Panjal ranges, containa the mest fully developed Palacozoio
svstem seen in any part of Indis, For this resson, und bovauss of the
easily acvessible nature of the furmations to parties of students, in »
country which elimatically forme one of the best parts of India, the
geology of Kashmir is treated in somo dotail,

{iij Central Himalayas.

Many sminent expiorers have unravelled the geology of these moun-
taing since the early ‘thirties of the last century, and parts of this
regian, ruch aa Spiti, form. the clasaie groumid of Indian gealogy.

The centrnl Himalayas inchide the Simls hills, Spiti, Kumaon and
Garhwal provinces, The grest platoau of Tibet ends in the northern
parta of these areds in o sories of gigantic sonth-faving esearpmemis,
whersin the stratigraphy of the northern or Tibetan zone of the Hinma-
lavas, referred to abave, is typically displayed. The Spiti basin is the
best known for its fossil wealth as wull as fir the completeneses of the
stratigraphic succession from the Cambrian to Cretaceous, The sys-
tems of Kashmir are on a north-west cantinuation of the strike of the
Spiti basin, Much detailed work has been done of lato years in the
Bimla-Chakrata aren.

8, 8ind (West Pakistan).
Sind possesses n highly fossiliferous marine Clretacsous and Tertinry
rpeord. The hills of the Sind-Baluchistan frontier contain the best-

E{“l::il:d Tertiary sequences, which Is recognised s o type for the rost

4. Bajputana,

Beaides the development of a very full sudimentary record, divided
into three pre-Palseozoio systems of Archaesn-Dhurwar age and an
interesting facies of the Vindhyan system in the Aravalli range,
Western Rajputana contains a fow Isolated outerops of marine Mesozoie
and early Tertiory sirata underneath the Pleistocene desert sand,
whieh hna convealed by far the greater part of the solid gedlogy.

5. Burma and Balochistan.

These two countrios, at either extremity of the extrs-Peninsular
area, contain o large section of the stratified marine geological recard
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which helps to fill up the gape in the Indian sequence,  Many of theas
formntions are again highly fossififerous, and afford good ground for
oD Parison with their Indisn congeners, Within the geographical
term ** Indin "' Is now Indluded all theso regions whicl aro-regarded as
jts nntural physical extensions on ita two borders—W, Pakistan, Afghan-
stan and Baluchistan on the west wod Burma on the east, The
student of Indinn geology is therefore expected to know of the prineipal
rock-formations af Baluchistan and Burma.

B, Coastal System of Indis.

Along tho eastern roast of the Peninsuls and to 4 loss extent on the
Mekran cosst, there is u strip of marine sediment of Mosozoie, Tertiary
ar Quaternary ages, in more or less connscted patohes—the recorda of
severnl suocessive ' marine transgressions:’’ on the coasts,

7. Peninsular India.

As must be elosr from what we hsve seon reganding its physical
history in the first chapter, the Deccan peninsula is & part of India
which contains s remurkably full Archacan and pre-Cambriat sequence
and & most imperfectly developed pomt-Cambirian geological recard. The
Palscozoic group is nnropresented but for the fluviatile Permian forma-
tions: the Mesoroic era has & fiirly full recond, but except a8 regards
the Cretacecus it is preponderatingly made up of fluvistile, torrestrial
amid volesnio acoumulations; while the Tertinry is almuost nnrepresetibed
except by the partly Eocene lavas forming the Decoan Traps.

The studwnt of Tndian geology should first familiarise himaell
with the representatives of the various geological systems that
are found in these provinces of Indin and correlated to the prin-
cipal divisions of the European sequence.

"The idea of & geological system 18 not confined to s summary of
facts regarding its rocks and fossils. These are the dry bones of
the science; they must be clothed with flesh and hlood, by eom-
paring the processes and actions which prevailed when they were
formed with thoss which are taking place before our éyes i the
world of to-dny. A sand-grain or & pebble of the rocks is not »
mere particle of inanimate matter, but is o word or & phrase in the
history of the earth, and has much to tell of a long chain of natural

operations which were concerned in its formation. Similarly, a
fossil shell is not & mers chance relic of an animal that onoe lived,
thon is to be reckoned an

but, & valushle document whose preservi _
hnparhntrmthﬂwhhtnryofthemh- That molluse to

W!iidiﬂmuhullbh]mgndvuth!haﬁ‘tnulmgﬁmufmmton
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and itselll was the progenitor of & long line of descendants. Iis
fossil shell marks a definite stage in the evolution of life on earth
that was reached at the time of ita existenve, which definile period
of time it has helped to register, Often it tells much more than
this, of the geography nod climate of the epoch, of ita contempar-
aries and its rival species, In this way, by a judicious use of the
imagination, is the bare skeleton given u form and clothed; the
geological records then ceass to be an unintelligible mass of facts,
# burden to memory, and become n living story of the various
stages of the earth’s evolution,

In rending stratigraphical geology the student should remind
himself to take note of the illustrations of the prineiples of dyna-
mical and tectonic geology, of which every page of historical
gealogy is full, Many of the facts of dynamical and structural
geology find & pertinent illustration in the part they play in the
structure or history of m partioular country or district, The
problems of crust-deformations, of vuloanicity, of the variations,
migrations anil extinctions of life-forma with the passage of time,
and & host of other minor questions that are inseribed in the pages
of the rook-register, must be thought over and interpreted with
the clue that modsm agencies in the earth’s dynamics furnish,

I [ Q"'* The following table gives the standard sTaoms in which the world’s

r

stratified apotoctoan npoonn is divided.

PR Hlee Holete™e
@“"L’ REGENFI’.‘ . Prosent-day alluvimm, e
Yourger alluvinm
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PLIOCENE - { Astian
Plaisuneinn
: Pontian
L— MIOGENE - . { Tortealen g }mbw.n
Afuitaninn
LIGOCEN { '
O ENE - - { Rupelian (Stampian)
| Lattorflan {(Bannoistsm)
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EOCENE

Blace gaate

(CRETACEOUS

LTURASSIC 'I

LIAS

TRIASSIC

PERMIAN

Lauidian
B e } Prinbomian

Anversian
Lartetinn (Parision)
| Ypresinn (Cuigiin)
Sparnactan
Thunotian
h.‘ﬂﬂnﬁm

" Daian
Maestriohtinn
Campanian
Renonian
Tironinmn
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Albinn

Aptian
Barremian

| Valanginian

Tithonian (Parbeck)
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Kimmeridgian
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Callovian
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 Aalonian
[ Toaraian
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Norie
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Anisio
. Boythinn
Thuringian (Zechmein)
, {mm (Punjabian}
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| Stephanian (Uralisn)

< | Westphalian ]
CARBONIFEROLUS o (Moscovian)

| IHnnntian [Awnhml

| Famenmian
Frasnian
- {livatian
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-l"‘ Gmﬂnnhn
.’
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ot | Bala
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CHAPTER 10X
THE ARCHAEAN SYSTEM—GNKIESES AND SCHISTS

Introduction—The oldest rocks of the earth's eryst that have been
found at the bottom of the stratitied deposits, in all countries of
the world, exhibit similar characters regarding their structure gs
well as their composition. They form the core of all the great
mountain-chams of the world and the foundutions of all its great
anciont plateasus. They are ull thoroughly ervatalline,
extremely contorted and faulted, are largely introded by plutonie
intrugions, and generally have a well-defined folisted structure.
These conditions have imparted to the Archaean rocks such an
extreme complexity of characters and rolations that the system
is often known by the names of the " Fundamental Complex "',
the ** Basement Complex ", olo. [Fig. 4,)

The way in which the Archasan erystalline rocks have originated
is not well understood vet, and various modes of formation have
been asoribed to these rocks. (1) Some are believed to reprosent,
in part at least, the first-formed orust of the earth by the consoli-
dation of the gaseous or molten planet, (2) Some are believed to
be the earliest sediments formed under conditions of the atmos-
phere and of the ocoans in many respects different from those
existing at later dates, and afterwards subjected to an extreme
degree of thermal and regional metamorphism. (3) Some are
thought to be the result of the bodily deformation or metamor-
phism of large plutonie igneous masses under great earth-move-
ments or stresses.  [4) Some are belisved to be the resalt of the
consolidation of an original heterogencous magma erupted suc-
cessively in the crust (¢f. the banded granites and gabibros).

Distribution—The ecrystalline metamarphosed sediments snd
smeissio rocks of the Archacun system form sn enormons extent of
the surfilce of Indin. By far the largest part of the Peninsuls,
the central and southern, is ocvupled by this ancient crystalline
complex. To the north-cast thoy ocoupy wide areas in Orissa,

i
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Assam, Central Frovinees [now Madhya Pradesh) and Chota Nag-
pur. Towards the north the same rocks are exposed in an exton-
sive outorop covering the whole of Bundelkhand: while to the
north-west they are found in o number of jsalated outorops,
extending from north of Barods to a long distance in the Aravallis
and Rajputana.

In the extra-Peninsula, gneisses and orystalline roeks ure aguin
exposed slong the whole longth of the Himalayns, forming the

e —— ==\

Fro, 4 —Dingram showing coptortion in De Arhuean griiss of Bangsioe.

bulk of the high ranges and the backbone of the mountain-
system. This erystalline aais runs we b broad central zone from
the westernmost Kashmir ranges 1o the eastorn extromity in
Burma. The eastern part of the Himalayas, from Nepal east-
wards, has not been explored, with the exception of Sikkim, but
it is certain that the crystalline zone is quite continuous. It is o
matter of great uncertainty, however, what part of the great
gneissic complex of the Himalsyas (designated as the * Centeal
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or * Fundamental' gmoiss) represents the Archaean system,
because much of it s now ascertained to be highly metamorphosed
tos or other intrusives of late Mesozoio or even Tertiary ages.

A fairly broad orystalline zone, similar to the gneisses and
metamorphosed sediments of the Peninsals, constitubes almost
the whole framework of the island of Ceylon, which in fact is »
part of the Deccan Peninsula, but recently separated by a shallow
sea. The gneisses and schists of Archacan-Dharwar affinities
reappear in Burma as a brond helt, after crossing over north-east
from Assan; this belt runs along Burma from north to south,
constituting the so-called Marlaban system! of the southern or
Tenasserim division, and the Mogak gmeiss of North Burma.

Petrology of the Archaean system—Over all these arcas of many
hundred thonsand square miles, the most common Archaean rook
is gneiss—a rock which in mineral composition may vary from
granite to gabbro, but which possesses a constant, more or less
folinted or banded structure, designated as gneissic. This char-
acteristio banded or streaky character may be either due to an
alternation of bands or layers of the different constituent minernls
of the rock, or to the associstion of layers of rocks of varying
minersl composition. At many places the gneiss appears to be
a mere intrusive granite. exhibiting clearly intrusive relations to
ita neighbours, The gueiss, sgain, frequently shows great lack
of uniformity either of composition or of structure, and varies
from place to plage. At times it is very finely folinted, with folin
of exceeding thinness alteriating with one another; st other
times thero is hardly any folistion or schistosity at all, the rock
looking perfoetly granitoid in appearance. The texture: also
varies between wido limits, from a coarse holocrystalline rock,
with individual phenoorvsts ns large as one or two inches; to
almost a feluite with a texture so fine that the rock appears quite
homogeneous to the eye.

The constituent minerals of the commoner types of the Archaean
gneiss are: orthoelase, oligoclnse or migrodline, quartz, muscovite,
biotite, and homblende with s varisble mmount of accessory
minerals and some secondary or alterstion produocts, like tourma-
line, wpatite, magnetite, zir¢on, chlorite, epidote and kaolin.
Orthoclase is the most abundant constituent, and gives the char-
acteristie pink or white colonr to the rock. Plagioolass is subor-

i . _
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dinate in amount; quartz also js present in variable quantities;
hornhlende and biotite are the most usual ferro-magnesinn con-
stituents, and give rise to the hornblende and hiotite-gneisses,
which nre the most prevalent rocks of the central rmnges over wide
tracts of the Himaloyas, Tourmaline is an essential oonstituent
of some gneisses of the Himaluyas.  Chlorite occurs as & seoondary
product, replacing either hornblende or biotite. Less frequent
minerals, and ocourring either in the main mass or in the pegmatite
veins thut cross them, are apatite, epidote, gamets, condierite,
scapolite, wollastenite, beryl, tremolite, actinolite, jadsite, corun-
dum, sillimanite, kyanite, together with spinels, ilmenite, rutile,
graphite, iron ore, ete, Besides the composition of the gneiss
being very variable over wide areas, almost all gradations nre to
be gean, fram thoroughly aeid to intermediate and basic composi-
tion (granite-gneiss, syenite-gneiss, diorite-gusiss, gabbro-gneiss),

By the disappearance of the felspars the gneises pass into
#thists, which are the next most abundsnt components of the Arch-
aeun of Indin. The schists are for the most part thoroughly
arystalline, mica-, hornblende-, tale-, chlorite-, epidote-, silli-
manite- and graphite-schists. Mion-schists are the most common,
and are often garnetiferous.  Less common rocks of the Arohaean
of India, and occurring separastely or as interbedded lenses or
bands in the main complex, wre slates, phyllites, granulites,
erystalling limestones (marhles), dolomites, graphite, iron-ores,
further traversed by an extensive system of basic trap-dykes of
dioritio or doleritio or nltra-basic composition.

The Archaeans evince & generally high grads of regional ar
dynamic metamorphism, due to the three ar four periods of
dingtrophism  (mountain-building mavements) which they ex-
perienved and the widespread fgneous sotivity of this and sub-
sequent periods. But there are, in the Peninsuli, nreas remark-
ably immune from these disturbances, which show a feebls (the
epi-grade) metamorphism, charmoterised by the prevalence of
rock-types such as phyllites or sohists with such minerals as tale,
chlorite and epidote. From this thore is a progressive rise in
grade of metamorphism: (the meso-grade), characterised by the
presence of mica-, hornblende-, garnet-, and steurolite-schists and
Bneisses, to the high grade of platonic metamarphism (kata-grade),
characteristio of the deeper, more loaded zones of the crust, in
which such dense and compnot minerals as pyroxene, cordierite,
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graphite, garnets, sillimanite are developed in rock-mnsses like
granulites and eclogites.

But the Archaean group of India, as of the other conntries af
the world, i far more complex in its constitution than is expressed
by the sbove few simple statements, In it, though several dis-
tinet petrological elements have been recognised, yet their rela-
tions are 80 very intimate that separation of these is very difficult
or impossible. Among these gneisses and schists those which, by
reavon of their chemical and mineralogicsl composition, are be-
lieved to be the highly deformed and metamorphosed equivalents
of plutonic igneous masses of later ages are known ae ortho-
gicisses or ortho-schists, while others that suggest the characters
of highly altered sediments deposited in the ancient seas are known
s pars-gueisses or pars-schists; s third kind sgain is also dis-
tinguished, which, sccording to some authors, may be the original
first-formed erust of the earth. It thus appears that the Indian
Archaean re pmmnmtwm do not belong to suy one petrological
svstem, but are & ' complex " of several factors: (1) an ancient
fundaments! basement complex into which (2) u series of plutonie
rocks are intruded, like the Chsmockites and some varieties of
Bundelkhund gneisses, while there in (3) a factor representing
highly motamorphosed sohiatose sediments, the para-gmeisses and
schists, which probably are mainly of Dharwar age, and are
generally younger than tho (1) gneisses.

Petrological types—Included in the Archaean gneisses and
schists thern nre some interesting petrological types, discovered
during the progress of the Indian Geological Survey, which the
student ghould know. Some of these are deseribed below:

Granite, O Mysore, North Arcot, Madms, Bajputans; ete.
Augite-grnuite. Of Balem,
Augite-syonite

{Laurvikite),

Nepheline-syenite.  Of Coimbatore, Vizngapatam, Kishengarh {Raj--
Flseolite-syenites sl putana) and Junngedh (Kathiowar), These
thiir pegmntites, are & group of intermedinte plutonic rooks
folinted mmong the pneissss.  Among their
normal essential minernls are caleite and

graphite in o quite frosh state. The pegma-
tites of the elneclite-syenite of Eh-lmwh'

} For the soda. ite sulie of it N,
Rec. Q&I vol. lxvi, ph. &, 1924, NUE: ond of tho Aravallis, see Heron,
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Hlaeolite-syenite.
Augite-svenito. :
Corundoni-syenite,

. Charnockite.
. Angite-norite,
Norita,
Hyperite,
Olivine-norite.
Pyroxenite,
Anorthosite,
Granuodite.
Garnetiforous-
leptynite.
10, Pyroxene-diorite.
11, Seapolite-diorite.
Khiomdulite

SENSmEL e

contain Jarge orystnleof beautilil blue sodalite
with sphens, gnrnet, o0, a8 nocessOrine

OF the Coimibatare distriot, constitute tho so-

called Sivomalai series of Holland.  These are
genetically roluted rocks, all derived from o
vonmmon highly alominous magma.

(f Madeas and Bengnl, are aoid, mtermediate

basio wnd ultr-bagio membors respectively of
a highly differentisted series of holo.crystal-
line, granitoid, hyperathene bearing rocks of
thie Penimsila, distinguished by Holland and
named by him Charnockite sories from Job
Chiarnock, the founder of Calootts, (Ses
(harneckite series helow. )

Named after the Khomly of Orissa, occours in

(Quartz + sillimunite Orissn, Madhys Pradesh, eto.; are light-
+garniot + graphite). coloured richly garnetiferons gneisses anil

1. Gondite

gohists characterised by the ahundance of the
mineral sillimanito and the presnce of g
phite. Thuy are regarded as para-goeisses
snd schiste.! The Khondalite groop is well-
developed abw in Travancore and Coylon
where these rocks are the carriers ﬂ;:f ﬁ
il ts of grophite. This group is of m
wﬁgﬂoﬂl‘lpﬁiﬂl prevalence than his been
o far Teoognised.

Numed from the Gonds of Madhys Pradesh

(Quartz + manganese- by Dr. L. Fermor, These nre a series of meta.

garnet + rhodonite),
2 Rhodonite mek.

morphosed rocks belonging to the Archaean
and Dharwar systems and largely composed
of quartz, spessartite, rhodonite and othoer

siliontes, These rocks are =p-
posed to be the product of the dynamie meta-

morphism of manganiferous clays and winids
doposited during Dharwar times. On  the

ohemiral alteration of the manganese silicates.
s produced, thess rooks have yiekdod the
abundant manganese-ores of the Dharsar
aystem.

lmﬁ.ﬂ.ﬂm:ﬁﬂ.utllﬂﬂ.
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Kodurite
(Orthovlass

+ munganese-gamet
+apatits),
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From Kodor in Vizagapatam disteich.  These

are & group of platanic rocks, associsted with
the Khondalite serieq and possibly of hybeid
origin, The normal type, or Kodurife proper,
his the composition noted above, and is o
basic plutonic rock classified with Shonkinites,
but there are mcid as well as uoltre-basic
varjotice of the serics lika the spandite-rock,
miriganest-pyroxenile, containing manganess-
gurnel, -smphibole, -pyroxene, -sphone, ebo.
ot ope end, and quartz-orthoolase rock and
quarte-kodurite st the other. These rocks
also hive yielded manganese-ores of seonomio
valoe by chemigal alieration.

Cule.gnoiss, The first two of these pro highly calearsous rooks

ealoiphyres and
orystaliine limestones,

whioh are found sasocintod with the Archasan
rocks of Madhya Pradesh and some othor
Ipcalities in Indin. They are a series of gramu-
lite-like rocks with an unnsually high pre.
ponderance of lime siliontes, diopside, horn.
blende, Iabmadorite, epidote, garnet, sphens,
and gimilar alumino.caltareous silivates. From
auch o compasition, they are belisved to be
porn-gneisses, i.e, formed by the motamor.
phism of » pre-existing caloareous and argils
lnceons series of sodimenta:

The oxidation by meteorie ngencies of these
series has given rise to the crystalline lime
stones, the third sluss of rooks mentioned in
the heading. These are very intimately asso-
cinted with the two former roiks in Mudhya
Pradesh and in Burma, The abundant lime
and magnosian silicates of these gnelsses have
been slternd by parcolating waters, carrying
digsolved OOy, into enleite and magnesite,
Besides the eryvatalline limestones and dolo-
mites of Madhys Pradesh, the celobrated
ruby-limestone associnted with the Mogok:
gneiss of Burma is snother example. The
origin of these limestones wus 8 puzzle because

being of o sedimentary, orgunic
or chemien] doposition.?

' Wermor,, Ree, .8.0 vol. xxxiii. pr. 3 1006,
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Qunriz-haematite-  Composed of quartz and hasmatite or quarts
gchist (Juspilite). and megnetite, These are of very conmon
Quariz-magnetite. prevalenes in many parts of South India,
achist vapeciilly among the Dhnrwae sohists, The
iron.ore and jaspor or guarts are genorily in
very intimate sssocistion arranged in thin

Iayers or folis,

Cordierite. geiss Of Mindras, Bastar, ote., is'a contaot-metamor-
phosed, basic aluminous sediment with high
magnesin. content. In the more metamor.
phosed types anthophyllite, sillimanite and
gumel are frequently developed,  Arid plagio-
eluse anc quarks, also biotite, are often present
In these goelsses

Andalusite (sillimanite, Of Mudras and Madhyn Pradesh, represonting

kynnite, chinstolite) highly sluminous sediments, contact-meta.
-schist, morphosed by geanitio intrusions.

* Streaky goeisses.”” 8o called on acocunt of the srrangement of the
Jemooeratic and melanoeratio components of
the rock in parallel streaks and bandn. Tt isn
composite rook and the origin of the struoture
is due In many cases to the lit-par-lit injection
of an acid aplitio material along the foliation-
planes of n schistose melanoemtio sountry-
rock.

Pelspathic gnelss,  Generally coimposed of an acid plagicclase, sub-
nrdhw{bnﬂmﬂhu.mlﬂﬂlkﬂofbhﬁhmd
musoovite, and quartz. Mim
it ropresents o thoroughly reerysts
minous sedimens, the metamorplilsm being
due to granitic intrusions.

Pogmatites. These ooarse-grained differontiates of igneous

; muh.mf:l.j]é anidio ones, are widely distei-
buted in the Arehnesn complex of Indin. They
ooont chiefly as veins and dykes intersecting
the older rocks, and somotimes as segrogation-
plhlnlluthnba&jnfﬁ-muknfwhﬁtﬂq
wre difforentiates.  The soid granite-pegma-
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Poridotite

(Oliving + femic
minernlu),

Dumnite (essentially
olivings).

Saxomto
(Nivine + rhombie
pyroxetis).

Amphibolites.

Quartzite.

Phyllites.
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These ultrm-bisic Tocks, though not widely

spread, mre of importance bocause of their
mesociation with minerals of economic uses,
They are the souree of chromite in India and
of serpenting and magnesite. The chromite
occurs &2 bed-like veins and scattered groins
in these rocks.  Among the well-known ocour-
ronces aro those of Salem, some districts in
Mysore, Singhblium, Hindue Bagh in Balo-
uhistan snd Diras in Kashmir,

Of widesproad distribution in the Peninsula and

extra-Peninsuln; thess rocks consist essentially
of tromalite, actinolite, or same other amphi.
bole, with warying amounts of plagioclase,
Quartz, epidote and gamet are often present.
They are products of the metsmorphism. of
baisie jrmeons musses, tuffs, or sedimenta,

Common in the Archacan and Dharwar and the

older Purnna systems, is o granulose, recrystal-
lised metamorphic rock, composed essentinlly
of quartz with or without sericite, rutile, or
other nocessory constituents, It may be de-
rived from original siliceons sediments or from
quartz-reofs and vein.quartz.  In the absenee
of stratification plunes, ripple marks and other
sedimentary characters; it s diffioult to dis-
tinguish sedimentary from igneous quartzites.

Very widesprond in the Archnean and Dharwar

systenis,  Often markedly graphitic and inter-
beddiel  with  erystalline limestones, The
Himulayan Dharwurs are especially charneter.
lzed by the prevalence of graphitie phyllite
and schist (Salkhals snd Jutogh serios), Pasa.
ing into miea-, chlorite-, or talo-schist by fur-
ther metamorphism,

The gneissic Archnean rocks of Tndis are generally de-
soribed under the following three aresl groups, each of which in
its respective area has some well-defined types: '

1. Bengal gneiss—Highly foliated, heterogeneous, schistose
gneisses and schists, of Bengal, Bihar, Orisss, Carnatio
and large tracts of the Peninsula.
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2. Bundellhand gneivs—Mnsgive, graniton gneisses of Bundel-
kband and some pari= of the Peninsala,  This gnviss is
regarded s intrugive inte the former.

3. Charnockite series—Nilpiri gneiss—Massive, sruptive, dark-
eoloured hyporsthene-granitoid gneisses of South Tndia,

(1) BexGAL GNrss is very finely folisted, of helerogeneous eom-
poaition, the different achistose planies hnmg churncterised by
material of different composition, This gneiss is elosely associnted
with schists of various composition. The gieiss i often dioritie,
owing to the Inrger proportion of the plagioclues present.  Numer-
ong intercalnted bedd of Hmestones, dolomites, hornblende-rock,
epidote-rock, corundum-rock, ete, occur smony the gneiss. There
Is an abundance of neoessory minerals, containged both in the rock
itaelf and in the accessory bads wssovisted with it, such as mag-
netite, ilmenite, schorl, gamet, ealeite, lepidolite, beryl, apatite,
epidote, corundum, miess, and sphene  In all the aboave char-
neters the rooks commonly designated Bengal gneiss differ strik-
ingly from those commonly named Bundelkhand gueiss, in which
there wre no accessory constituents, snd but few nssoviated sehists.

The weathering of some parts of the gneiss of North Bengal is
very pecalinr; it gives rise to semi-ciroular, dome-like hills, or
ellipesidal mnsses, by the exfoliating of the rock in regularly
cireular scules.  From this peculiarity the gneiss has veceived the
name of Dome gneiss.

The gneiss in sume places of Bengal elosely resembles anintrasive
granite with well-marked zones of contact-metamorphism in the
surrounding gneisses and schists in which it appears to have in-
truded, Its plutonic nature is further shown in its containing
local segregations (autoliths) and inclusions of foreign rock-
fragmenta (xenoliths).

Types of Bengal gneiss—Besides the foregoing varieties some
other petrological types are distinguished in the Bengal gneiss, the
most. noted being the Sillimanite-gneise and Sillimanite-schist of
Orissa, known as Khondalites (from the Khond inhabitants of
COirissa), Thmgiwdu:mdwmofhdngmﬂ:mhmdn&i
ments (para-schists) and are disoussed in the next chapter. A
Wmdmammwmnmﬂﬂnﬂmm
-wma:ﬂy designated ** Fundumental gneiss ' or ' Peninsular
gneiss ", belongs appropriately to this division, The Bengal
m,fmummnﬂudinthnpmuﬂdﬂsh-r Manbhum and
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Rewah, and some other parts of the Peninsula also, The Carnatic
and Salem gneisses nre oxamples. Camnstic gueiss is schistose,
including micaceous, taleose, and hommblendie schists, The well-
known mica-bearing schists of Nellore, which support, the mica
mines of the distriot, belong to the facies of the Bengnl gueisses.
The schistose type of Bengal goeiss ia regarded as probably the
oldest member of the Archaean Complex. The Peninsular gneiss
of Mysore, covering 25,000 square miles, is now believed to be a
granitic gneiss intrusive into an older Dharwar complex.  What
have been called the (losepet and Champion gnoisses are also later
granites intraded in the sume basement complex. Recent work
in the Archaean Complex of South India has shown that many of
the fine-grained gneissio rocks are actually granitoid phases of
recrystallised pre-existing formations and do not represent the
crushed or folinted phases of true eruptive granites. (Records
M.G.D., Vol. 42, 1944),

(2) Buxprmugmasp Gxrss.  Bundelkhand gneiss occurs in the
twpe area of Bundelkhand. It looks a typical pink granite in hand
specimens, the foliation being very rude, if at all developed. In
its field relations, the Bundelkhand gneiss differs from ordinary
intrusive granite only in the enormous area which it ocoupies.
Indeed, it may be regarded ss a granite intruded into older
gneisses, large patches of which it bas remelted. Schists are
associnted with the gneisses very sparingly, e.g. homblende-, tale-
and chiorite-schists, No interbedded marbles or dolomites or
quartzites ocour, in the Bundelkhand gneiss, nor is there any
development of acoessory minerals in the mass of the rock or in
the pegmatite-veins. Bundelkhand gneiss is traversed by exten-
give dykes and ills of & coarse-grained diorite, which persist for
long distances. It is also traversed by a large number of coarse
pegmatite-veins as in a boss of granite. Quartz-veins or reefs
{the ultra-acid modification of the pegmatite-veins), of great
length, run as long, narrow, serrated walls, intersecting each other
in all directions, giving to the landsoapes of the country a peouliar
feature. They interseot the drainage-courses of the district and
are the cnusa of the numerous small lakes of Bundelkhund, whose
formation conssquently requires no further explanation.

This type of gneiss is also met with mn the Peninsnla at several
localities, and is recognised there under varions names— Balaghat
gneiss (alzo named Bellary gneias), Hosur gneiss, Arcot gneiss, Cud-
dapah gneiss, ete. The oldest hasement gneiss of some parts of
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Rajputans belongs to this system. The roek is quarried exten-
sively for use as a building-stone, and has in the past contributed
material of exoollent quality for the building of numerons femples
and other edifiers of Bouth India.

(3) Cranxocrrre Senres, This is the nams given to a series
of granitoid rocks of South India, occurring among the older
Archaean gneisses and schists of the Peninsuls. These rocks ara
of wide prevalence in the Madras State, and constitute its chief
hill-masses—the Nilgiris, Palnis, Shevaroys, ete. They are
medium to conrse-grained, dark-voloured, basie holoerystalline
granitoid gneisses, possessingsuch o distinotive assemblage of petro-
logieal characters and mineral composition that they are easily

from the other Archasan rocks of the Peninsula.
This group inocludes many varieties and forms which are modi-
fications of & central type (the Chamockite proper), but these
different varieties exhibit a distinet ' consanguinity "' or family
relationship to ench other. From this ciroumstance the Char-
nockite gneissea of South India afford a very good instance of a
petrographical province within the Indisn region. The name
Charnockite which was originally given by the discoverer of these
rocks, Sir T, H. Holland, to the type-rock present near Madras
was, therefore, extended by him (Chamockite serios) to include
all the morw or less closely related varieties occurring in various
parts of the Madras State and other parts of the Peninsula.

Petrological characters—The mineralogical characters which give
to these rocks their distinctive charactors wre the almost ocon-
stant presence of the rhombie pyroxens, hypersthene or enstatite,
and 8 high proportion of the dark ferro-magnesian campounds
which impart to the rock its usual dark colours. The ordinary
sonstituents of the rock inelude blue-coloured quartz, plagioclases,
augite, hornblende and biotite with zireon, iron-ores and graphite
as acosssories. (arnets wre of very common oocurrence. The
prosence, in different pmparhnm,u.fthn aphove constituents im-
parts to the different varieties s composition varying from an acid
or intermedinte hypersthens-granite (Charnockite proper) through
all gradations of increasing basicity to that of the ultra-basic
folsparless rocks, pyroxenites. The specific gravity and silica
content range from 267 and 75 per oent respectively, in the
normal b to 308 and 52 per cent in the
norites and hyperites. In the pyroxenites the specific gravity
rises to 8-37, vorrespanding to a fall in silica to 48 per cent.  These
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ultra-basio types oeeur only locally as small lenses or bands in the
more aeid and commonier types.

Thaut the Charnockites are of the nature of igneous plutonic
rocks, intruded into the other Archuean rook-masses, s believed
by some workers to be established by their field relations and
possesaion of features whioh are regarded as ovidence of msgmatio
uegregation and differentintion, protruding of dykes and apophyses
into surrounding rocks and well-defined contact-metamorphic
pirreoles at junctions with other rocks.

More recent studies of chamoekite rocks and the discovery of
similar suites of rocks in other parts of the world, for example
Antarctica, West Africa, Ugandn and West Australia, have for
some yeurs past raised an interesting controversy with regard
to the origin of charmockites, Vreedenburg suggested in 1918
that the Indinn charmockites were not plutonio gneisses but were
metamorphosed Dharwars. Several other workers have also ex-
pressed the view that the charnockites are intensely motamor-
phosed rocks, and owe their common characteristios to an intense
metamorphic Impress upon rocks that were originally non
hypersthenio, so that the presence of hypersthene does not neces-
sarily prove they were all genetically related to each other. The
belief is mrowing that many of the charucters of charnockite aro
to be aseribed to plutonio metamaorphism ut high temperature and
pressure at great depths of the crust (Katazone), B. Rama Rao,
from the evidence provided hy o study of the Mysore rocks,
suggesta that the chamockites are essentially reconstructed rocks
resulting from recrystallisntion of rocks that were in part of nlti-
mate sedimentary origin and in part of ultimate igneous origin
(Bull, No. 18, M.G.D, 19845),

The Charnockite series ia mninly confined to the Madras
State and Southern Indin extending as fir as Ceylon; o few of
ita types, viz. anorthosite, 8 mek principally composed of libra-
dorite felspar, and ofivine-norites, wre found in Bengal near Rani-
ganj.

Archaean of the Himalayas —As already said, the bulk of the
high ranges of the Himulayas forming the central or Himalayan
zone proper is formed of erystalline or metamorphic rocks, lke
granites, granulites, gneisses, phyllites, and schists. The high
snow: peiks of the central axiv extending from Nangs Parbat on
the Indus to Nameha Barwa on the Beahmasputes have s sub-
stenttiun composed of these rocks,  In this complex, known for-
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merly as the Central gneiss, from it ocoupying the central axis
of the mountain-chain from one extremity to the other, the
representatives of the Archnesn gneisses of the Peninsula are to
be found, [tis, however, now known for eertain, by the researches
of General MoMahon and Ister investigators, that mnch of the
gneiss is of introsive origin, and, therefore, of very much younger
pge. It is found intrusive ioto the Panjal Voloanic series of
Perminn age in the Pir Panjal and elsewhero; into the Jorassic in
Chitral; into the Cretaceous Orbitofina-bearing beds in the Bursil
valley of Kashmir; and into the Eooene of Enstorn Tibet. These
granites have passed into gnelsses by assuming a foliated struoture,
while the Archaesn gneiss proper has assumed the sapect of
granites, owing to the high degree of dynamic metamorphisu.
It is again quite probable that a certain proportion of the central
gneiss s to be attributed to highly metamorphosed ancient
(Purana) sediments. It is therefore diffioult to sepurate in this
complex the constituent elements of the Archaean goeiss from
gneissose granite or from the metamorphosed sediments of Inter
age. The postulated Archaean age of the Himalsyan granite of
most localities, especially in the Kashmir and Hazara areas, re-
mains to be proved.

The old view that the Contral Himalsyun axis is wholly com-
posed of granite or gneiss, which also build the high peaks of the
range, is not supported by the findings of the many Himalsyan
expeditions of recent years. These have shown that most of the
peaks on the axial range of the Central Himalaya, Nopal and fur-
ther east in Bhutan and Sikkim are composed of altered or meta-
marphosed sedimentary strata—slates, quartzites und crystalline
limestones. The peak of Nenga Parbat in Kashmir is also simi-
larly built, Orthogneiss and granite no doubt build the sub-
steatum of these mountains, but the peaks rising above them often
ire of stratified, oven of fossiliferons, sediments, e.g. the peak of
Mt. Everest,

There is reason to believe that the gneiss and granite in the
vicinity of the central axis and around the majority of tho high
peaks of the Himalayas holong to the intrusive oategory rather
than to the old Archaean foundation; they probably mark zones
of special elevation connected with the welling up of acidic magma
st certain points at the time of the uplifs of the mountains.

The sedimentary Archasin complex of the Himaluyas is dealt

witl in the next chaptor.
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The Crystalline Complex of Kashmir

This would be the best place to describe briefly the so.called
“ fundamental gneiss " with intrusive granite of the Kashmir
Himalayas, though it is now clearly rocognised that only & part
of it iz of Archacan nge.

“ Pundamental Oneiss " with intrusive granites—Crystalline
rocks, granites, gneisses nnd schists, occupy large areas of the N.W.
Himalayas of Kashmir and Simla, to the north of the Middle
Ranges, forming the core of the Dhauladhar, the Zanskar and
the ranges beyond in Ladakh and Baltistan. These rocks were
all regarded as ignoous and oalled * Central Gneiss " by Stoliczka
and were taken to be Archaean inage. Lator investigations have
proved that much of this gneiss, ns is the case with that of the
Himalayas as a whole, is not of Archnean sge, but is of intrusive -
origin and has invaded rocks of various ages at a number of differ-
ent geological periods. Also a considerable part of this erystal-
line complex has now heen found to be of pre-Cambrian meta-
morphic sedimentary origin, forming the basement on which all
the subsequent geological formations rest, The latter have been
distinguished as the Salkhala series in the Kashmir-Hazara aren
and the Jufogh seriez in the Simls-Chakrata area, Some affinity
of these series with the Dharwars of Bajputans and Singhbhom is
apparent; while it is difficult or impossible to domarcate the areas
of truly Archaean gmeiss from the widesproad later intrusive
granites, tho distinction of the sedimentary Archaeans from. the
fundamental gneisses and the intrusives is in general recognisable
in many cases. The three elements of the groat basement com-
plex of the Himalayas are thus mixed up and may best be de-
soribed at this place: (1) the metamorphosed sedimentary
Archaeans, (2) intrusive granite and gueisses of later periods,
(8) remmants of Archacan granites, granulites, ortho-gneisses and
sohists. The presence of the latter can be inferred from the
oveurrence of granite pebbles and boulders, bods of arkose and of
the widespread quartzites in the Palaeczoic sediments. The
trup Archaean gneisses have often assumed a coarse granitoid
aspect, while owing to extrome dynamic metamorphism the very
muoh vounger inlrosive granites huve developed n gieissio strue-
ture. Foliation thus is not a criterion of age,

Petrology—Thres kinds of granite have been recognised in this
Archaean complex: biotite-granite, homblende:granite and tour-
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maline-granite, OF theso the mogt provalent is the hiotite-gnoiss
or granite, the one showing s quick transition to the other. The
vormposition is weidie; pink orthoelase i3 rare, so also is muscovite;
the bulls of the gneiss is made up of milk-white arthoolase, scii
plagioclases with quartz and a conspicuous amount of biotite,
arranged in schistose or lonticular manner, folintion being fine, or
coarse, or wbsent altogother. This rock is the most provalent
Himnluyan gneiss from Kashmir to Assam, It is often porphy-
ritic, with orthoclass phenocrysts as mnoh as 2-4 inches across,
giving rise to an apparont angen structure.  Accessory minerals
are not common, except gamet and tourmaline. Homblende-
gneiss is muah less common, but it has & very similar strooturs and
gomposition, the biotite being replaced by homblende, sometimes
not completely. Spheno is a4 common sccessory, Both  the
gneisses are. traversed by veins of introsive tourmaline-granite
varying from s foot to 20 or more feet in breadth, which it some
oases penetrate the surrounding sedimentary strata a8 well.
These pegmatite and aplite veins have o greator diversity of
minernl composition than their hosts, often varrying suoh nooes-
sories as microcline, oligoclase, rock-crystal, garnet, tourmaline
{schor] as well as the coloured transparont varieties rubellite and
indicolite), muscovite, beryl (aquatnaring), fluorspar, sctinolite,
eorundiimm,

Next to the gneisses the most frequent rock is biotite-schist,
passing into fine, thinly foliated, silky schists, such as chlorite.,
talo-, hornblende-, and muscovite-schists.

These rocks are abundantly’ traversed by dykes, stocks and
masses of busic intrusives such as dolerite, epidiorite, gabbro,
pyroxonite, ebo.

Distribution—With regard to the distribution of the gneissic
rocks in the ares, the main erystalline development is in the north
and north-east portions, in the Zanskar range and the region
beyond it, in Gilgit, Baitistan and Ladakh, while in the ranges to
the sonth of the valley they play but a subordinate part, The
core. of the Dhauladhar range ia formed of these rocks, but they
are not & very conspicuous compenent of the Pir Panjal range,
where they ocour in a number of minor intrusions. The trans-
Jhelum continustion of this range, known ns the Kaz Nag, has s
larger development of the orystalline core. A broad ares of
Kishtwar is also ocoupiod by these rocks which continue in force
eustwards to beyond the valley of the Sutlej. It is from the eir-
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cumstances of the prominent development of the erystalline core
in the Zanskar range, in eontinuity with the central Himalayan
uxis, that the mnge is regarded as the principal continuation of
the Great Himaloyn chain, after its hifurcation at Kangrs, The
other branch, the Pir Panjal, is regarded only as & minor offshoot.
North af the Zanskar the outerop of the erystalline series becomes
very wide, encompassing almost the whole of the region up to the
Karakoram, with the exception of a fow sedimentary tracts in
central and south-east Ladakh, The largest occurrence of horn-
blende-granite is in the mountaing between Astor and Deosai.
Its post-Cretaceons age is definitely proved by its infrusive con-
tact with Orbitoling limestone at the Burzil Pass (14,000 feet).!
Tourmaline-granite is of rolatively smbordinste occurrence in

pegmatite veing.
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CHAPTER IV
ARCHAEAN SYSTEM (contd.)
THE DHARWAR SYSTEM

Introduction—In this chapter aro desoribed the most ancient
metamorphosed sedimentary rock-systems of Indin, a& old as, aod
in SO0Ve CaseT ONEr Thamn, The Lasemeni gneisses and schists de-

soribed in the last chapter. Theso sedimentary Archacans are
grouped under the name of Dharwar System, but the difference
of nume does not denote difference of systematio position.  Aceor-
ding to the commonly received interpretation, during the Archasan
erst the meteoric condifions of the sarth appesr to have been
changing gradunlly. We may suppose that the decreasing tem-

persture, due to continual radiation, condensed most of the
vApours ‘that were held in the thiok primitive atmosphere and
precipitated them on the enrth’s surface.  The condensed vaponrs
eallected into the hollows and corrugations of the lithosphere, and
thus gave rise to the first-forned ocean, Further loss of heat pro-
duced condensation in the original bulk of the planet, and as the
outer erust had to accommodate itself to the steady diminution
of the interior, the first-forined wrinkles and inequalities bocame
more and more accentuated. The ooeans became deeper, and
the land-musses, the skeletons of the fimt continents, rose more
and more above the genereal surfisce,  'The outlines of the seas and
continents heing thus established, the geologioal agents of de-
nudation entered upon their work.  The weathering of tho pristine
Archaean gneisses and xehists yielded the sarliest sediments which
were deposited on the bed of the sea, and formed the oldest sedi-

mentary strata, known in the geology of Indin as the Dharwar
System. They am often so metamorphosed into schists and
gneisses that they are indistinguishable from the primitive gneisses
and schists. In fact, at severnl localitite indubitable Dharwar
gediments are fonnd to be older thon some orthognedsses and
lqhixtathhwhiahthﬂrmngwmmd The abovo is only a
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partinl definition of the term Dharwar system, whose exact limits
and relations with respect to the Archacan igneous rocks nre not
yot. fully undemstood. In the presont chapter the term Dharwar
System i used as synonymous with metamorphosed Archacan
sodiments, und including all the schistose series below the ep-
archiean unconformity.

Thesé sedimentary strata appear to rest over the gneisses at
some places with an uneonformity, while at others they are largely
interbodded with them, and In some cases are of nndoubtedly
older age thun some of the gneisses, Although, for the greater
part at least, of nndoubted sedimentary origin, the Dharwar
strata are altogether unfossiliferons, & gircumatanoce to be explained
gs much by their extremely early age, when no organic heings
peopled the earth, ns by the great degres of metamorphism they
have undergone. The complex foldings of the crust in which
these tocks have been involved have oblitersted nearly all traces
of their sadimentary nature, and have given to them a thoroughly

ine and schistose structure, hardly to be distinguished
from the underlying gneisses and schists. They are besides
axtensively introded by granitic bosses and veins aaul sheots, and
by an extensive system of dolerite dykes, thus rendering these
rock-masses still more diffioult of identification.

All these circumstances have led to the sedimentary nature of
the Dharwar rocks of several aress, notably of Mysore, being
doubted by some geologists who regard the bedded schists, limo-
stones and conglomerates us of igneous origin, the conglomorates
having resulted from the sutoclastic erushing of quartz-veins and
plutonic dykes. Field work in Mysore has jncdionted that many
of the sibjacent gneisws have intrusive relations towards what
ware previously included among the Dharwars and are therefore
younger than them. But such is not universally the case, and
during the last fow yeats the sedimentary nature of many terraiug
of Dharwar rooks hus been demonstrated beyand doubt.!

Of Iate there has been a tendeney to discard the term Dharwar
and to designate this system by the name Archaean. The use of
all the great sedimentary systems,
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Archaean provinoes of India Dr. A. M. Heron hus proved at loast
two, and possibly three, great eveles of Archasan sedimontary
deposits, separated by important unconformities, denoting periods
of disstrophism, erosion and penoplanation, overlying the Bundel-
khand gneiss. These clastic Archnean rock-formations of great
thickness and extent, reposing over an older gneissio floor, need
a distinguishing term to separate them from the igneous Archaeans,

The lithology of the Dharwars—The rocks of this aystem possess
the most diverse lithologieal characters;, being o complex of all
kinds of rocks—clastic sediments; chemically precipitated rocks,
valeanic and plutonic rovks—all of which generally show an intense
degree of metamorphism. The principal types have been do-
seribed in the last chapter (p. 81), No other system furnishes
such excellent material for the study of the various aspects and
degrees of rock metamorphism.  The rocks are often highly metal-
liferous, containing ores of iron and ese, oceasionally alko
of copper, lead, and gold. The bulk of the rocks of the system is
formed of phyllites, schists, and slates. There are hornblende-,
ehlorite-, haematite- and magnetite-schists; felspathic schists;
quartzites und highly altered voleanio rooks, eg. rhyolites and
andesites tumed into hormblende-schists; abundant and wide-
spread granitio intrusions; crystalline limestones and marbles;
serpentinous marbles; steatite masses; beds of brilliantly coloured
nnd ribboned jaspers; and massive-beds of iron and manganese
oxides.

Plutonic intrusions—The plutonie intrusions assumed to be of
Dharwar age aro copious and of varied characters; they have
given rise to some interesting rock-types, some of which have
already been described in the last chapter, viz. nepheline-syenites
of Rajputans, differentisted into the elacolite-syenite and sodalite-
syenite of Kishengarh, which carry the besutiful mineral, sodalite.
Many of the granites of the Dharwar system are: tourmaline-
granites; among other intrusives are the quartz-porphyry of
Bajputans, and the dunites of Salem. The pegmatite-veins inter-
secting some of the plutonics are often very conrse, and, espocially
when they eut through mica-schists, bear extremely large erystals
of muscovite, the eloavage sheets of which are of great commercial
value. Such is partioularly the case with the wmioa-schists of
Hazaribagh, Nellors, and parts- of Rajputana, where a large
quantity of mioa is quarried. Besides museovite, the pegmatites
carry several other beautifully crystallised rare minerals, eg.
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molybdenite, columbite, pitehblende. gndolmite, torhernite, beryl,
ullanite, pamarskito, vto,

Here must also be considered the curious group of manganifer-
ous crystalline limestones of Nagpur and Chhindwarn districts
of Madhys Pradesh, originating by moetaspmatism of gnuisses,
containing such minerals as piedmontite (Mn-epidote), spessartite
(Mn-garnet), with Mn-pyroxene, -umphibole, -sphene, ete., which
have given rise, on subsequent alteration, to somo quantity of
manganese ores. As mentimned on p. 52, these orystalline lime-
stones are assigned & curions mode of origin. Fermor haa shown
them to be due to the metasomatio replacement of Archaean calo-

ginses and ealeiphyres, which in turn were thomselves the pro-

duct of the regional metamorphism of highly celeareous and
manganiferous sedimenta!

Another peculiar rock is the flexible sandstons of Jind (Kaliana).
The rock was originally formed from the decomposition of the
gneisses, nnd had & certain proportion of felspar grains in it, On
the subsequent desomposition of the felspar graing the rock
became & mass of loosely interlocking graing of quartz, with wide
in around them, which allow a certain amount of flexi-
bility in the stone.

Outcrops of the Dharwar rocks—One important peculinrity
regarding the mode of occurrence of the Dharwar rocks—as of
generally all other occurrences of the oldest sediments that have
sarvived up to the present—is that they ocour in narrow elongated
synelinal outerops among the gneissic Archaeans—as outliers in
them. 'This tectonic peouliarity is due to the fact that only
those portions of the Dharwar beds thst were involved in the
troughs of deep synolinal folds and have, consequently, recoived a
great deal of compression, are proserved, the limbs of the synclines,
together with their connecting anticlinal tops, having been planoed
down by the weathering of ages.

Distribution of the Dharwars—The Dharwarian rocks are very
closely associsted with the gneisses and schists, deseribed in the
last chapter, it many parts of the Peninsola. The principal ex-
posures in the Peninsuls are: (1) Bouthern Decoan, including the
type-aren of Dharwar sod Bellary and the greater part of the
Mysore State, extending southwards to the Nilgiris, Madura and
Ceylon; (2) the Dharwar areas of Carnatic, Chota Nagpur,
Jubalpur, Nagpur, ete,, with those of Bihar, Rewah and Hazari-

' Ree, 8.1, vol, xxxiil, pt. 3, 1900
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hagh; (8} the Amavalli region, extonding s far northwards as
Jaipur, and in its southern extremity mneluding north Gujarat.
In the extra-Peninsula the Dharwar system is well represented in
the Himalayas, both in the ceutral nnd northern zones, as well as
in the Shillong plateau of the Assum ranges.

In the following pages some important dovelopments of Arch-
uean rocks of the Dharwar facics met with in six regions are
diseribed.

Lo Duapwar-Mysore (the Type-arm). The rocks ooour in a
number of narrow elongated bands; the bottoms of old synclines,
extending from the southern margin of the Deccan traps to the
Cawvery. The general dip of the strata is towards the middle of
the bands. The constituent rooks are hornblende-, chlorite-, tale-
schists, together with slates, quartzite, and conglomerstes and
vory chamctotistic brilliantly banded oberts; these rocks are
associated with various types of ortho-gneisses and schiste and
lavas of dioritio composition. The Dharwar slates exhibit all the
intermedinte stages of metamorphism (anamorphism ) into schists,
riz. unaltered slates, chiastolito-slates, phyllites and mics-schists.
Numerous quartz-veins or reefs tmverse the Dharwar rocks of
these areas. Some of those are auriferous and contain enough
ilisseminated golil to sapport some goldfields. The principal
gold-mining centre in India, the Kolar fields in the Mysore
State, is situnted on the outcrops of some of these quarts-veins or
reefs.

The Dharwar System is very well developed in the Mysore
State where it forms three belts and several narrow strips and
stringers covering an area of 6000 square miles, It has boeen
intensively studied by the State Geological Department.! The
older group of geologiats, led by Dr. W, F. Smeeth, held the view
that the system was entirely an igneous formation and contained
no vlearly recognisable sediments. They regarded all the orys-
talline schists in the Dharwars, and even the types liko con-
glomerates, guartzites and limestones found there, an having
originated from severe orushing and extreme alteration and
modifieation of various types of acid and basic jgneous meks.
All the conglomerntes were held to be autoclastic in origing the
quurtzites werv regarded as the orushed phases of folaites and
rhiyolites, or vein-quartz; and the limestones as highly caleified

¥ Sampat Tymnger, Aoul Focks of Mysorw, Seventh Tnilinn Scienea Congress
Progeedings, Chlnuttn, 1021
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phases of decomposed basic voleanic rocks, or metasomatic
replacements of schistoss acid igneons rocks.

Tutensive field investigntions in rocent years have revealed,
lhowever, st several places in Mysore, remnants of current bedding,
ripple-marks, graded bedding and similar other structurés which,
though ill-pressrved, afford nndoubted proofs of sedimentation.
Several of the types of orystalline schists chemically analysed in
rocent years also indiesto clearly their sedimentary arigin, The
various types of crystalline rocks in the Dharwar Bystem of Mysore
thus have been grouped as under:

(s). Voleanic rocks consisting of altored acid and basio lava
fows, sills, sheets and dykes, tulfs and agelomerates.

(b). The erystalline schists and granulites which form much the
larger portion of the Dharwars of Mysore are mnde up of several
types classified as ehlorite.schists, miea-schists, hornblende-
schists and tremolite-actinolite-schists, together with grauulitic
sohists containing kyanite, sillimanite, staurolite, cordierite,
graphite, gamet and corundum. Chemical examination of these
rocks has shown that the dark hornblende-schists and tremolite-
actinolite-schists are of igneous origin, and some mioa-schists,
chlorite-schists and the granulitio achists containing kyanite,
staurolite and other highly aluminous minerals are evidently of
sedimentary origin.

(¢). Deformed Sedimentse—These form & comparatively small
proportion but sre specially interesting on secount of the pro-
longed controversy they have raised regarding their origin.  They
form conglomerates, quartzites, ferruginous quartzites, phivilites
and limestones. Most of these have proved to be definitely sedi-
mentary in origin (Mysore Geol. Dept, Bull. No. 17, 1940).

(d). Basio snd Ultrabasic Introsives—In the central nnd nor-
thern parts of Mysore, masses of coarse diorites and epidiorites
are found intruding the schists. In the southern parts of the
State, pyroxenites and peridotites are intruded inta the bosement

Sinoe the sedimentary origin of the conglomerntes was estal-
lished, they have been observed to fall into two well-marked
series ocoupying different horizons. These two sots of basal

tes within the Dhurwir system of Mysore have enabled
them to be classified into three sections forming upper, middle
and lower divisions. Acoording to Rams Rao, the lower division
forms mainly a complex of voleanie rocks; the middle division is
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essentially a sedimentary group with voloanio material and in-
truded plutonic rocks; the upper division is also sedimentary,
composed of forruginous clays and silts, quartzites and ocon-
glomerates. 1t is & peculiarity of the Mysore Dharwars that the
grade of metamorphism shows a progressive increase to the ssuth.
The three-fold division mentioned sbove is, therefore, recognisahble
clearly only in the northern parts of the State.

Correlation of the Mysore IDharwars—The correlution of the
orystalline schists of Mysore with those found in other widely
separated Dharwar areas of India (given in » table on page 115)
is yet provisional. The Aravalli system of Rajputann with its
southern continustion, the Champaner series of Gujarat: the
Sausar, Sakoli and Chilpi Ghat series of Mudhya Pradesh;  the
Iron-Ore series und Older Metamorphics of Bihae and Orissa ; snd
the Khondalites of the Enstern Ghats and Ceylon are all more or
less similar in their general lithological characters and metamor-
phic grade to the crystalline schists of the Dharwar system of
Southern Indin. It Is, however, to be recognised that most of
these schistose series fall into more than one well-defined division
separated by profound unconformities vovering long ranges of
time.

2. Rasporaxa. Rocks which musy be regarded as belonging to
the Dharwarian group ocoupy o wide surfuce extent of Rajputana,
constituting the vast system of pre-Cambrian sediments desig-
nated as the dravalli system. The results of o comprehensive
study of this ancient sedimentary system, which is separated from
the oldest Purana system by a histus, represented by one or two
profound nneonformities, have become nvailable,! The relations
of the Aravalll system in the difforent parts of Rajputans are
shown in the annexed table (page 101),

Aravalli mountains—The type rocks are exposed in a very large
outorop in the Aravalli mnge of Rajputana. This, the most
ancient mountain-chain of India, came into existence at the close
of the Dharwar era, when the sediments thut wers deposited in
the seas of that age were ridged up by an upheaval of an orogenio
uature,  Sigce thei the Aravalli mountaing remained the prinei-
pal feature in the geography of India for muny ages, performing
all the functions of & great mountain-chnin and contributing their
sodiments to many deposits of later ages, Evidence exists that

' Lnumm*ﬁgqm ul Pro-Vinlhyan Oeclogy of Rajpatens, Trane Nat.
Inet. S I, vobo ) Noo & 1988 b
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this mountain chain received renewsd upheavals during the early
Palneozoio and was of far greater proportions in past times, and
that it strotohed from the Deccan to perhaps beyond the limits of
the Himalayas.

The Amvalli mnge, marking the site of one of the oldest geo-
synelines of the world, is ctill the most distingt mountain range of
the Indinn Peninsnln, with summits of 4000 to 5000 feet. It was
peneplanad in pre-Cretaceons tmes but has now been dissected
the central part, Inrge tracts of western Rajputana remaining #
peneplain.  Strocturally it is a closely plieated svnelinorinm of
rocks of the Aravalli and Delhi systema, the latter formng the
core of the fold for some 500 miles from Delhi to Idar in & N.E.-
S.W. dircction, Though the north-west flank of the synclinorium
is & straight line, thero is no evidence of u fault there. The curving
east boundary of the fold, on the other hand, marks the line of the-
(ireat Boundary Fault of Rajputana, which brings the Vindhiyans
against Aravallis and Bundhelkhand gneiss.

Aravalli system—The Dharwarian rocks of the Aravalli region
form o long and wide synclinorium in_the basement schistose

Fneimses of Rujputann, constrioed in the middle. Heron has
olassified these rock-groups into two great pre-Cambirian systems
soparated by & und regional _unconformity —the  lower
division forming © ravalli system and the upper forming the

The lower, Aravalli system, is # vast formation, sggregating
over 10,000 feet in vertical extant, composed of basal quartzites,
conglomerntes, shales, slates, phyllites and composite gneisses.
Tt rests with o great erosional unconformity on the finely schistose
and banded gneiss (Bundelkhand gneiss). Its metamorphism is
variable, and there are exposures of almost unaltered Archnean
shales in one part of the outerop and such highly metumorphosod
rocks s homblende-sohists and schistose cunglomerates inanother.
The schists inelude numerous secandary aluminous and calesreous
gilicates, ¢.g. andalusite, sillimanite, staurolite, and a great many

. At a few localities the Aravallis include Jodes of copper,
lead and zing, with traces of nickel and cobalt, Granite and
amphibolite have intruded at many places into the alstes nnd
phyllites in the form of yeins, attended with offshoots of quartz-
veins and pegmatites.  Lit-par-iif mjections of granite in slaty
rocks have given rise to composite gneisses.

Raialo series. Delhi system—The Raialo series comes sbove the
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Aravallis with u pronounced unconformity. This series is rich in
erystalling limestones, nssocinted with quartzites, grita and
schistose rocks. The famous Makrana marbles, the sourcs of the
material for the celebrated Mogul buildings of Delhi and Agra, are
a product of this rock-serivs. The Raialos are succeeded in the
northern part of the Aravallis, sfter another great unconformity,
by the system of quartzites, grits and schistose rocks constituting
the famous Ridge of the city of Delhi. These form the Delld sys-

tem. The Delhi syatem iz now regarded as of Cuddapah and
15 deseribed on p. 121, Chapter V., On ‘W

the Aravalll strike to the inferior of the p of the Punjab, a
fow small straggling outliers of the same rock-series are found,
composed of ferruginous quartzite and slate, together with » great
development of rhyolitic lavas (Malani rhyolites, p. 130), These
outliers constitute the low, desply weathered hills known as Kirans
and Sangla, lying between the Jhelum and the Chenab.!

Features of groat interest in the stady of metamorphism wre brought
to light in the survey of the ancient sedbnontary syetems of Bajputans,
Schistose ned banded gneisses in the Aravallls have been tracod along
the strike Into rocks still in the condition of practieslly unaltered shales
and slates. By the injection of granite, sedimentary rooks have beon
vanverted into banded composite gneisses an u large scale, which may
ensily be mistakon for ortho-gneisses. Compnratively newer sediments,
.g., of tho Delhi system, cocurring in the centro of the synelinorium of
the Aravalli strata, evines & higher graile of metamorphism and tectonie
deformation than the Aravallis on which they rest with & great hintus,
This anomalows metamorphiam of & newer series is explained us due to
the ot that the Delhi strata have been boried more deeply in thelr
synalinal roots and therefors subjected to more intense pressures and
intrusive action than the underlying Aravallis which flank the Delhis.

Dir, Heron has observed that the Aravallis of Rajputana are
anslogous to, if not contemporansous with, the Dharwars of South
Indis, and has suggested n very general correlation of these with
the Dharwars of Mudhya Pradesh and Chhota Nagpur, and the
Mergui serics of Burni,

One further ontlier of the Aravalll series, but this time to the
south-west extremity of ite strike, s found in.the vieinity of
Baroda on the site of the ancient city of Champaner, Tt over-
spreads a [arge area of porthem Gujarat and is known ss the
Ohampaner gerics, The component rocks are quartzites, conglo-
merntes, alates and limestones, all highly metamorphosed. A

E R .81, val. wliii, pb. 3, 1018,
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green and motiled marble of exquisite beauty is quarried from
these rocks near Motipura.

3. Assam. Tho Shillong series which occurs within the Assam
hills is & group of paraliel deposite which may be mentioned at this
place. It is n widely developed formation, consisting of a thick
eories of quartzites, siates and schists, with mnsses of granitic
intrusions and basic interbedded traps. The Shillong series is for
the greater part of its extent overlain by horizontally bedded

Urotaccous sandstones.

4. Manuva Praoesa (CexTranL Provisees), The Dharwarion
system covers large connected areas within Madhya Pradesh and
Bihar, spreading over Balaghat, Nagpur and Jabalpur districts,
and over Hazaribagh and Rewash. [In theso arcas it possesses n
highly characteristio metallifercus facies of deposits which has
attracted a great doal of attention lately on account of the ores of
mangunese. and iron associated with it. The lithology of the
Dharwars in these exposures is very varving, but each outcrop

a sufficient variety of its peculinr rook-types to reveal the
identity of the systom. The Dharwarian rocks of the Nagpur,
Chhindwars and Bhandara distriots of Madhya Pradesh have been
namoed the Sausar serizs.  They consist of granulites, caloiphyres,
dolomitic marble in lenticular association with mica-sillimanite-
quartz-schists, diopaidites, hornblende-schist, ete. These rocks
carry important economic deposits of manganese-orea.  The
Sausar series hns beon subdivided into stages which have a wide
geographical extent in Madhyn Pradesh and ean therefore be corre-
lated in distant outerops of the series. The series ia largely of
agqueots sedimentation, hut subsequently it has been metamor-
phosed and invaded by acid and basic plutonic rouk-masses.  The
Sakeli series of the more southern portions of Madhva Pradesh,
consisting of less altered slates, chlorite-schists, jaspilites and
haematitic quartzites, is probably an upward extension of the
Rausars. In the Balaghat distriot, and probably some other dis-
triots, the loeal repressntatives of the Dharwars are distinguished
a8 the Chilpi series, from the Chilpi Ghat; these rocks inelude
great thickness of highly disturbed slates and phyllites, with
quartzite and basie trappean intrusions,  In Jabalpur the ooterop
is distinguished by the ocourrences of perfectly ervstalline dolo-
mitie limestones, The fampos “ mnrble-rocks " of Jubalpur in
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the Narbadu gorge belong to this systom.® In other parts of Mad-
hyn Prudesh snd in Bewah, nnd also some places im the Bombay
State (Panch Mahals?), eto., the exposures are distinguished by a
richly manganiferons facies, contaiting laree deposits of workable
manganese-ores.  Sir [ Fermor has given the nnme Gondife series
to thess rocks, beesnse of their containing, as their charmcteristic
member, n spessartite-quartz-rook, to which he has given thoe nime
of Gondite (p. 81},  Besides spessartite, the rock contains mamy
other manganese silicates; it is the decomposition of these man-
grnese silicates that has given rise to the enormons deposits of
manganese-ores in these occurrences of the Dharwar system.

iferous series in Dharwar system. Gondite series—Tho
origin of these rocks is interesting. Aceording to Fermor they
have originated from the metamorphism of sediments deposited
during Dharwar times which were arigimally partly mechanionl
clays and sands, aud partly chemical precipitates—chiefly of man-
ganese oxides; The same metamorphic agencies that have con-
verted the former into slates, phyllites and quartzites have altered
the latter into crystalline manganese oxides, when pure, and into
» number of manganese silicates where the original precipitates
were mixed with clayey or sandy impurities,

Quterops of the Gondite series are typically developed in the
Balaghat, Chhindwara, and Nagpur districts of Madhya Pradesh
and w few localities in Bombay, Madhys Bharat snd in
Banswars in Rajputann. ‘The same authority regands the man-
ganese deposite of the Madms State as due to the slteration of
# series of plutonic intrusions (belonging to the Kodurile series)
which may be of hybrid origin and due to the incorporation in
neid intrusives of manganese ore-bodies of the Gondite type.
The Kodurite series is typically developed in the Vizianagram
State of the Vizagapatam district of Madrs. !

5. SmsoupATM—OREEsA.  The next important area of Dharwar
development is in Bibar-Orissa. In north Bihar, Dharwar rocks
are met with in the Ranchi, Hazaribagh and Gaya distriets.  This
aron contains the well-known mies-fields of N, Indin. A more

dimeeiel bita a ninmber of
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geologieally interesting development is in South Bihar, where-
a large area extending from Gangpur through Singhbhum to
Mayurbhanj State, covered by the Dharwars, has bean studied
in detail by H. C. Jones, J. A. Dunn and M. 8. Krishnan. A
widely sweeping zono of thrust, more or less E.-W. in direction,
separates 8 comparatively unmetamorphosed tract to the south
from o heavily metamorphosed tract on the north,

The chief interest of the Singhiblinm Dharwars is in their enclos:
ing n thick group of ferruginous sediments.

This ares contains the following sequence of Archsean sedi-
ments. Tt consists essentinlly of a series of iron-bearing sediments
—phyllites, tuffs, lavas, quartzites, and limestones, designuted as
the Irom-ore series—svesting unconformably on an older meta-
morphic serive. The age of the Iron-ore series is regarded a8
Upper Dharwar:

Shales, phiyllites, tuffi with lava-flows.
Iromore | Phyllites, quurtzites, limestones with tuffe and lavas.

Series. 4 Banded haematite-quartzites and iron-ores,

Shales and phyflites with sandstones and limestones.

| Sandstones, conglomarntes.
| Sausar |Gangpur Series—echists, orystalline linestonos, phyllites
Series, with Mn-ore bodine,
I neonformily,

Older Metamorplics—homblende-schists, miva-schists amd
unrtzites,

The Iran-ore series is economically the mosh important (p. 471),
containing interbedded are-bodies of large dimensions, estimated
to yield a total of over three thousand million tons of high-grade
iron-ore, In its petrogenesis the series is believed to be akin to
the other well-known pre:Cambrian iron-bearing formations of
the world, e.p. the Lake Superior deposits of the U.S.A. and those
of Brazil. The question of the ultimate source of the iron oxides
and the exact processes which segregated them here on such an im-
mense soale yet awaits solution. Indian geologists generally
regard these ores s, in the main, marine chemioal precipitates in
the form of oxides, carbonates and silicates. Boma secondary
changes and replacement have taken place subsequent to their
deposition, but it is not believed that organio agencies such as
algae or bacteria have helped in the precipitation of the iron. Tt is
possible, however, that no single mode of origin applies to all the
oconrrences.  While the langer deposits of iron-ore, such as those
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of Singhbhum or Keonjhar, may be sedimenitary, thes wre other
deposits belonging to the sories which have probably originated
by o process of melasomatic replicement umder terresirial condi-
tions, in a period of marked voloanie netivity.

The ores ooour ns massive heds and lenses of ferrio oxides, soft
powdery haematite, and ns banded or ribboned haematite-
quartzite or jasper, from which the free ore is liberated by the
loaching out of the interlaminated silica. There s a considerable
amount of igneous voleanic action in this area, witnessed Dy the
bhosses of Singhbhum and Bonai granite, by mmkses of ultra-
basic intrusives and by lava:-flows and tuffs. The busic intrusives
have given origin to the chromite, usbestos and steatite of

Singh bl
J. A. Dunn has studied the from-ore series and naspciated

Archneans of Singhblnom in detail together with various problems
of economic minerals, petrogenesis and ore-genesis which these
rocks present.  Dunn recogmises no earlier rocks, sedimentary or
igneous, in Simghbhum than the Iron-ore series, which i» & group
of pliyllites, shales and quartzites, overlain by tuffs and basie
lavas, the more strongly folded portions of which show every
grade of metamorphism from schists of the epizone to gneissic
rocks of the hypozone. M. 8. Krishnan has published s memoir
in which he discusses the correlation of the Archaeans of the area
to the south-west. He distinguishes a group of busal phyllites,
overlying the Iron-ore series, which he regards as of Upper Dhar-
warian age. In Sir L. L. Fermor's scheme of correlation between
the Archaeans of different parts of Indin ho uses the Gonditic
rocks, with marbles as confirmatory evidence, as a datum-line on
the assumption that the manganese-ores and marbles mirk one
single stage of deposition in the Archaeans. On this ground he
correlates the Gangpur series with the Sansars and the Iron-ore
series with the Sakolis.

In the Bustar State (south-east of Madliya Pradesh), H. Crook-
shank differentiates three Archaean groups—asndalnsite-gneiss
and quartz-schists, s group of haematitic-quartzites, and quartzite.
A part ot Jeast of the Bastar sequence is probably correlated to
the Iron-ore series of Singhbhum.

L. A. N. Tyer hos recently studied the gneissose granite of
Bengal. Much of this geanite is folinted, but coarse-grained and
porphyritic types are present. Clear evidence of intrusion into
achists of Dharwarian type is furnished by the hybrid injection-
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gneisses prodicced.  Tourmalinisution of the schists is & festure
of the intrusion.

Owverlying the Iron-oro series are altercd bosalts and astooiated
sub-aerinl voleanio products— Dalma fraps.d  Within the Trop-
ore serics also there are dykes and sills of igneous altra-buasie
rocks, dunites, peridotites and saxonites, generally serpentinised
and st places carrying lodes of chromite ore.

Manganese-ores of Dharwar system—Almost the whole of the Mian-
ganess-gred anmivilly produced in Lndia is derived direetly or indirectly
from the Dharwar rocks.  With regard to their geologionl relitions T,
Formor lins divided the ore bodies into thres olasses.

(1) Depowits comnected with the infrusive rock, Kodurite, n bssic
plutonio rock, possessing an oxceptionid minemlogical composition, in
being unnsually rich in manganese silicates like mangsnese-garnots,
rhodonits, and manganese-pyroxenes and -amphiboles, The ores of
the Vigagnpatuns district have resulted from the meteoric alteration of
these manganess silicates, while the folspar has altered into masses of
lithomnrwe and chert, the other products belng wad, oohres; oto. The
nre-bodies resulting in this mamnor pre of course of extremely irregnlar
form and dimensions, and the grade of the ore i Jow.

(2) Deposits cembained in the Gondite series are developed in Madbyn
Pradesh, Mndhya Blhiarat, the Panoli Mihols, eto,  As aleeady di-
saribed, the Gondite rocks wets originally clistio sediments, including
previpitates of manganese oxides like those of iron oxides enclosed in
the sedimentary rocks of various sges. Their dynemio or regional
metamorphism has given tise to oryatallised ores of manganess, like
braunite, hausmunnite, hollandite, ete, The resulting ore-bodies are
lnrge and well-bedded, fullowing the strike of the enclosing rocks, Haedi-
enting that they luve had the same origin as the lstter. Bometimes,
#a in Chhindwara and Nagpur, the manganese-ores are found in the
erystalline limestons and ealo-gnvisses assoviated with the other Dhar-
war rocka. In mddition to the ores peilomolune, braunite, ﬁl:nl]lll:ﬂt_a.
the erystalline limestone containe usunlly pisdmontite (the manganese-
epidote). The Gondite deposita vield by far the lurgest part of the
eeonomisally important manganese-ores,

() Lateritic df'pmiﬁ are dus to metasomatic surface replacement of
Dharwar slates und sehists by manganesebearing solutions.  These
ores ooour in Singhbhum, Jabalpar, Bellary, ote. They are irregular
in distribution, ocrurring as caps on the ottotops of the Dhsrwar rocks,
us is evident from their peculiar nuture of origin, {

These ore-deposits have braught 1o light some new mineral spocies
and beautiful vrystallised vurietios of already recognised manganese

L 3, A L, Origin of Tran Qs i Siaghbhing, e, Geal. col. xxe. p. 043
(1035); Mo, G.5.1. yol, fix. pt. 1, 1037
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minerals. They are: Fredenburgits, Sitaparite—manganese snid iron
oxides; Hollandite and Beldongrite nre manganates; Winekite is n blue
manganese-amphibole, snd  Blanfordite & ploochroic manganese.
pyroxene; Spandife is a0 manganess-garnet, intermedisto in composition
betwoen spessartite nnd andradite; Grandite is similarly a * hybrid *
of groemlarite and andradite; Alergite is a pink-colonred manganese-
miea.!

6. Tue Hrsmaravas. Rocks probably belonging to this, the
oldest sedimentary system, ocour in & more or less continmons band
batween the central erystalline axis of the higher Himalayas and
the outer ranges. They ococupy tracts of North Hazam, Indus
Kohistan, Gilgit, Ladakh and the Zanskar range to heyond the
Sutlej. They aro closely associated with the Central gneiss and
also st places with the younger Puranaz, to which they are dis-
tinotly unconformable in the less disturbod aress. They consist
of slates, phyllites {often graphitic), sehists, quartzites und erystal-
line limestones and dolomites, They have been named Sallhala
derics in the Knshmir area and Jufogh series in the Simls ares.
The gneissification of these rocks at same places and the wide
prevalence of later intrusive granites, especially in the contral
axial range of the Himalayvas, maks it difficult to separate from
this complex any remnants of the Archavan gneisses, The Great
Himalaya range, west of Ladakh, is largely composed of the Sal-
Ihalas converted into para-gneiss, the Nangs Parbat (26,620 feet)
massif being almost wholly built of this, with intrusive hiotite-
goeiss of Inter age and hormnblende-granite of still newer, Eocene
or post-Eocens age. South of this range the Salkhalae show o
steadily deoreasing grade of metamorphism, clearly rovealing their
sedimentary characters. Some of the rock-elements present in
them show remarkable resomblance to the Dharwars of Raj-
putana and Singhbhum; and it appears probable that the Great
Himalays range represents the basoment of the old Peninsular
Archaeans on which the Tethyan sediments wure Inid down in the
Himalayan geosyneline. It thus denotes the protaxia of the
Himnlayas, _

There are ne Archaean outerops between the Aravallis and the
Punjab Himalayns, exoept perhaps in the few straggling hillocks
of Kirana and Sangls, which probably are the mburied peaks of
a suspected ridge buried under the allavium of the Punjab,

Principal Areas of Himalayan Dharwars—Different OXPOstres

! Fenmior, Maw. G.5.L vol, zxsvil, 1000,
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of Himalayan Archnoans have received different names,

to the looalities of their distribution. On the north of the erystal-
line axis, in the distriot of Spiti, the equivalents of the Dharwars
sre known ns the Vaiksita serier.  On the south of that axis there
oeour more extensive exposures of metamorphosed highly folded
and unfossiliferous sedimentary rocks of distinotly older age than
Cambrinn. A part of these may be regarded ns Dharwar in age,
but owing to the complicated fulding and inversions of the strata it
ie not easy to distinguish the representatives of the Dharwars from
younger sediments, much less to earralate and gronp together the
widely-separated outorops of these formations in the different
parts of the Himalavas. One of the most important oceurrences
of these uncient sediments is in the neighbourhood of Simla,
covering large tracts to ita east and west, which was previously
known under the general name of the Simla system. Reocent
investigations have ennbled this comprehensive system to be
differentiated: the basal part, named the Julogh serics, being re-
ferred to Dharwar age, while n newsr series soming unconformahl y
over it is of Purann or still newer age—Simla slate series, The
Jutoghs are a series of carbonaceous slates, limestones and dolo-
mites, quartzites and schists, possessing a high order of meta-
morphism. Intervening between the Jutoghs and the Simls
slates nre'a group of light grey schistose shites and talcoss quartz-
ites which have been named the Chail series. The Chails show
thrust-fault relations to the series above and below.

Simla—The tectonios of the Simls ares are of great interest,
Pilgrim and West have provad that the highly metamorphosed
Jutoghs now resting on top of the practically unaltered Simia
slates at Simls are not in their normal position, but have been
inverted and thrust southward, from their original position in the
central axis of the Himalayas, slong s horizontal plane of thrust
that has travelled for many miles. The effects of denudation on
this overthrust sheet of the Jutoghs is to leave isalated outliers,
*“ klippen ", of older rocks capping the summits of the Chor and
Chail mountains, while the main body of these monntains is built
‘of younger rooks. _ : _

Eastern Himalayas—In the eastern Himalayas, n series of schists
of the same formation near Darjeeling constitutes the Duling series.
The Daling series extends alang the Tista valley into Sikkim and
thence to Bhutan, consisting of much-contorted slates and chloritio
and serjeitio phyllites with homblende-schists and quartzites,
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Soma lodes of copper are associnted with these rogks nt some plaoes;
Among the constituont rocks of the foregomg Himalayan series
there are a fow of the characteristic types of the Peninsular Dhae-
warg; by which they are distinguished as such,

The Sedimentary Pre-Cambrian Systems of Kashmir

The name Salkhala series in given to the oldest sedimentary
mwcks of the Kashmir Himalayn consisting of slates, phyllites and
sohists, with interbodded crystalline limestones and fingey quartz-
ites, It torms the basement of the unfossiliferous Purnna slates
nnd the subsequont sedimentary systems of Kashmir. Its rela-
tions with the nower rocks are generally & profound unconformity
or thrust-fault. Graphitic slate and crystalline limestones (dolo-
mitio), oveasionally marhle-beds, black or snow white, are prommin-
wnit elements of the Salkhalss. Dynamic metamorphism gener-
ally of » high grade iz evident in the series, but all types of rogks
are met with from dense compaot carhonaceous slistes and finely
erystalline limestone to adinole-like bods, micaceous, garneti-
ferons amd grophitic schists, sneoharoidal marble, oale-sahist and
goeisses.  From the Indus to Garhwal a chain of massive par-
phyritic biotite-gneiss intrusions oeeurs in these anciont sedinents.
The Salkhals sediments have been subjected to an intense
granitisation at places, in Kaghan, in the ranges north of the
Kishenganga, and in the Nanga Parbat srea. The argillseeous
components have been converted by the injoction of magma. o
hiotite-gneisses: while the calearcous and dolomitio mombers are
changed into dark hornblende- and garmet-gnoisses. A host of
secondary minerals have resulted from metamorphio notion—
phlogopite, actinolite, epidote, zoisite, sphene, idooriss, tourna-
line, beryl, ete. Elsewhere the matamarphism is of 4 enriously
subdued type, and the Salkhals slutes are then soarcely distin:
guishablo from some Dogra alites, '

Stratigraphically as well as lithologically the Salkhalas are akin
to the Jutogh series of the Simls ares (Dharwar systom), and it is
probable that a continuous outerap of these rocks strotehes from
Simla to Kaghan through the Dhsulachar range,

The prominent peak of Nanga Parbat, Mt. Diyamir, 26,620 feet,
the oulminating point of the Punjub Himalaya, is composed almost
entirely of finely schistose biotitegneiss, a para-gneiss, with
interbedded marble. graphite-schists, otc., of Salkhala e,
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Theowizh this pur-gneissio complex are intruded sheets and bosses
of gneissose granite of two later periods?

Homotaxis of the Dharwar system—\With rogand to the age of
the Dharwar tocks, there is no doubt that they are far older
than the Cambrinn, separated therofrom by an immense interval
of geologienl time represented by three or possibly four wast
eyeles of deposition, mountain-building und bose-levelling. With
regard to their lower limit, they are so vlosely nssociated and
intermixed with the Archsean gneisses at certain places that they
leave no doubt that some of the gneisses are younger than some
of the Dharwar schists. From their field-relations, and from the
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circumatance of a widespread wnconformity separsting the
Dharwars from all younger formations, Sir T. H. Holland has
grouped them along with the Archaean. There is no parallel
system of deposits comparnble to the Dharwars in England or
many parts of Europe, but the Dharwars show a degree of affinity
with the Huronian rooks of America in their stratigraphio position
and their petrological conetitution.

A very careful and detailed investigntion has been mace in the great
Archaean complex of South India by the Mysore Stata Geological De-
partment. The Mysore geologists huve unravelled o number of sue-
cesxive eruptive groups in what hiave been hitherto deseribed s the

fundamental gneisses of the Peninsols, and as a resuls of

i chﬂqﬁmmdﬁlmfuhluﬂ parts of Glgit Distriot, Ree. G811
vol, lxv. pt. 2, |
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these investigations they came to the conclusion that the Dharwar
schists wero all decidedly older than the greisses; that they were not of
sedimentary origin as hitherto beld, but were cortainly in part and
possibly entirely of igneous valoanic derivation, being in faut striutly
busic lava-Aows metamorphosed inte hornblende. and chloritio sclilsts.
In their fiold-relations the Dharwar schista have again and again been
observed to show & distinet intrusive coutact towards the invading

and have been penstrated by the latter times without mumber.
The chamoters of the schists also, novording to theee observirs, point
to an igneous and not & sedimentary otigin, for they have not been able
to trace any pussage of theese schists into phyllites or unaltered wlates
within the territories of the Mysore State, which encompass an aroa of
nearly 30,000 square milss. On tho other hand, they show a gradoal
transition into epidiorites or hornblende-rooks.  Many of the Dharwar
conglomerates, likewise, are bolioved to be of crushed, autoclastic, origin.
Fig. 7 gives un idea of the nature of the assoclation of the two rock-
group. These views have beeti to u considerable extent modified as
the result of Ister work by the State geologists,

The subject is one of the major controversied of Indian geology, but
the prolonged study of the South Indian erystulling complox, by mem-
bers of the Indian and Mysore State Geological Sarveys, extending from
1602, has helped fo cloar it coosiderably,. Present opinion tends to
support the Mysare view in so far as the age of the main body of the
Dharwars Is concerned, thoogh work in extra-Mysore aress equally
supporta the older views us regands the sedimentary uiture and origin
of n partion of thess rook-bodiss, there being little doubt about the
dotrital natare of the phyllites and quartzites,

Thefollowing gencenlschomeof olnssification of the Archaeansof India,

4. The Chamockite snd Bundelkhand Gneisses, with intruzions soch

s Poridotites, Granites and Syenites;
3. Be-melted masses of the Basernent Goeiss, now constituting muoch
of the schistose and garnetiferous Bengal and Peninsular
_ Gneisses which include some pars-guneisses and schiste:
£, Dharwar sediments and contemparaneons lavas, also Khondalites;
I. The oldest Basement Gneisses representing, in pact ot least, the
primitive crust of the sarth,
adopted by Sir Lowis Fermor in 1010, is now amplified by the sul-
division of the Archacan foundation of the Peninsula into 15 dis-
tinet provinees, based largely on their petrological characters, The
Archacan termin of India is first broadly divided into two regions, the
Charnoekitic and the non-Charndekitio; these major regions wre furtlies
subdivided into & numnber of proviness, grouped under (1) Trom-ore
provinees, (2) Mangenese-ore-marble provinces and (3) Igneous pro:
vinces, based on their compositional differences. In eatablishing these
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divisions and their correlations in difforent purts of the Indinn Peninsnla,
Ferthor uses the following eriterin;

(1) Breatigraphic sequence.

{2} Struotural relationshipe—uncenformition; pertods of folding, sto.

{3} Relationship to igneons introsives,

{4) Associnted ore-deposits of epigenctic origin.

(5) Lithologieal com position.

() Chemmical omposition,

(7} Grade of metamorphiem.

(%) Lead and helinm ratios.?

Economics—The Dharwarsystem carries the principal ore depos-
its of the country, eg., those of gold, manganese, iron, chromium,
copper, tungsten, lead, eto, These with their associated rocks
are also rich in such industrially useful products as mica, corun-
dum, ete.; rare valuable minerals like pitchblonde and solumbite,
eto.; and a few gems nnd semi-precious stones like ruby, beryl,
chrysoberyl, zircon, spinels, garnets, tourmalines, amethyst, rock-
erystal, ete. This system is also rich in its resources of building
materials, £.g., granites, marbles, ornamental building stones, and
roofing slates. The famous marbles of which the best specimens
of ancient Indisn architecture are built are a product of the

Dharwar system.
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CHAPTER V
THE CUDDAPAH SYSTEM

Introduction—The closing of the Dharwar era must have wit-
nessed earth-movements on & vory extensive scalo, whioh folded
the Dharwar sediments into complicated wrinkles, creating a
number of mountain-ranges, the most prominent among them
being the mountain-chain of the Aravallis, No such powerful
orustal deformation, of an equal degres of magnitude, seams to
have occurred since then in the Peninsuln, since all the succeoding
gystems show less and less disturbance of the original lines of
stratification and of their internal structures, till, at the ond of
the Vindhyan era, all orogenio forces almost dissppeared from this
part of the earth. _

Cuddapah system—A wast interval of time clapsed before the
next rock-system began to be deposited, during which a great
extent of Dharwar land, together with it mountains and platenus,
was cut down to the base-lovel by a eyule of erosion.  For it ks on
the deeply denuded edgea of the Dharwar rocks that the basement
strata of the present formation rest. This formation is known as
the Cuddapeh system, from the occurrence of the most typical,
and first-studied, outoraps of theso rocks in the district of Cudda-
pah in the middle of the Madms State. The Cuddapab is s
series of formations or systems, rather than a single system, it
being composed of s number of mare or less parallel sories or
groups of ancient sedimentary strata, each of the thickness and
proportions of a geological system by iteelf. They rest, with &
great unconformity, at some plaoes on the Dharwars and at other
places on the gneisses and schists, and themselves underlie with
another unconformity the immediately mucceeding Vindhyan
system of Madhya Bharat,

of the Cuddapahs—This system is mainly composed
of much indurated and compacted shales, slates, quartzites, and
limestones. ‘The shales have “ﬁ‘f’“d a alaty cleavage, but beyond



THE CUDDAPAH BYSTEM 118

that there is no further metamorphism into phyllites or schists;
such secondary minerals pe mics, chlorite, andalusite, staurolite,
garnets, eto. have not been developed in them: nor are the lime-
stones recrystallised into marbles, as in the Dharwar vooks.
Quartzites, which are the most common rocks of the system, are
metamorphosed sandstones, the metamorphism consisting of the
introduction and deposition of secondary siliea, in crystalline
continuity with the rolled quartz-graina of the original sandatone.
Contemporaneous voleanio action prevailed on a large seale during
the lower half of the system, the records of which are left in a
series of bedded traps (lava-flows) and tuff-beds. (See Fig. 8.)
Besides the above rocks, the Lower Cuddapahs contain brilliantly
woloured and banded cherts and jaspers and some interstratified
iran- and manganese-ores, very much like those of the Dharwar
systent, In these two peculiarities, most noticeable in the lower

Fin. 8.—fkoteh section Musteating the telation of Coddapeh and Earnool
mooks (marked K.
After King, Mew, 65,1, vol, vif, 1872

part, the Lower Cuddspahs therefore resemble the Dharwar
system ; while the upper half, in its unmetamorphosed shales and
limestones, shows & close resemblance to the averlying Vindhyan
rocks,

On sceount of the absence of sny violent tectonic disturbance
of the Peninsuls during Inter ages, tho Cuddapah rocks have in
general low angles of dip, except towarils the eastern const, whore
they form n part of the Eastern Ghats (the Yellaconda range of
hills), and whote consequenitly they have been subjected to much
plioation and over-thrust. o account for the enormous thickness
of the Cnddapah sediments, which amounta to more than 20,000
foet in the aggrogate, of slates nnd quartzites, it s necessary to
suppose that a slow and quiet submergence of the surface was in
progress all through their deposition, which lowered the basins of
sodimentation as fast as they were filled.
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Absence of fossils in the Cuddapahs—The entire series of Cudda-
pah rocks is totally wnfossiliferous, no sign of life being met with
in these vast piles of marine sedimenta. Thiz looks guite nex-
plicable, stnce not only are the rocks true clustic sediments, and
not chemical precipitates, laid down on the floor of the sea and
very well fitted to contain and preserve sonie relics of the life
inhabiting the seas, but also ull mechanical disturbances and
chemical changes, which usually obliterate such relies, are absent
from them. 1t cennot again be surmised that life hudd not origin-
ated in this part of the world, since in formations immediately
subsequent to the (nddapahs, and in areas not very remote from

- them, we find evidence of fossil organisms, which, though the
earliest animals 10 be discovered, are by no means the gimplest or
the most primitive. The geological record is in many respects
imperfect, but in none more imperfect than this—its failure to
register the first beginnings of life, by far the most inportant event
in the history of the earth,

Classification—The Cuddspah system is divided into two see-
tions, an nupper nnd a lowet, separated by a great unconformity.
Fach of these divisions consists of several well-defined series,
whose stratigraphic relations to each other, however, are nok
definttely established, and which may be guite purallel or homo-
taxial to each other instead of su I

Karwisnd series (L. Vindhyan)
- e ...--Uumn,fm#y.
Jx;.m reriea—alntes and guartzites—Kaladgi series.
Uﬁm 200011, ) 11,000 ft.
pah | Nallamalai series [ Cumblom eliles.
l oot | |Bairenkonda quarksites.

(o) te 5 hmml W o= i ..
r N mrp—-ﬂ A q1 tes—Hijuwar serics
pas Papaghans am'u.{ g:;mu_' sae. e
P e e St

U neanjormily.
Archnean und Dhsrwarian, -

Distribution—A large development of these rooks occurs in the
type sres of Cuddapah district. The outcrop is of an irregular
crescent shape, the concave part of which faces the const, the
opposite side abutting on the gneisses, Another Inrge develop-
ment of the same svstem lies in the Chhatisgarh locality of Mad-
hvie Pradesh. A few isolated oxposures oooar in the h-;tm-ming
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ares, while to the north-west athers ocour on the east border of the
Aravallis. A part of the zone of metamorphosed sediments lying
to the south of the ventral erystalline axis of the Himalayas can
be referred to the Cuddapah system of rocks, but they cannot be
vertainly identified as saoh, as in the oase of the ropresentatives of
the Dharwar and the succeeding Vindhyan,

The Lower Cuddapah—1%e¢ Papaghani series.  The lowest mem-
ber of the Cuddapah system takes its name from the Papaghani
river, » tributary of the Penner, in the valley of which these rocks
are exposed, The bottom beds are sandstones followed by shales
and slates, with a fow limestone layers in the ghales, Contem-
poraneons fava-flows, with intrusions of the same magma in the
form of dykes and sills, are common; in the latter onse, where the
invading rock comes in contact with limestones, these are found
to be converted into marbles, serpentines, and tale.

Feonomically the slate and limestone series ( Vaimpalli slates) are
of importance, because considerable deposits of barytes and ns-
bestos occur in these rocks and their associated basaltic sills,
(Sce p. 481.)!

The Delhi system—The Delhi system of strata referred to in the
Inst ehnapter is probably of Lower Cnddapah age, though in its
intense structural disturbance and degree of folding it departs
from the general tectonic foatures of this system, It appears to
be a locally specialised type of the Cuddapahs, owing ite structural
disturbance to looal orogenie flexures und also to the intrusion of
large bodies of granite and amphibolite, The Delhi system
ovcupies a large extent of E. Rajputanns country extending from
Delhi to Idar (Bombay State) in constricted, sorely eroded synclin-
al bands in the centre of the great Aravalli synclinorium, its fullest
dovelopment being found in the main Rajputana geosyneline of
Ajmer-Merwara and the Mewar State. The Alwar quartsites,
which constitute n prominent part of the system, are quartzites,
grits and flagstones. The Delhi system is intruded by o varied
suriea of basie rocks and by a series of granite bosses and Inccolites,
with their related group of pegmatites and wplites (Erinpur
granite), covering o large area to the west of the Arnvalli range.
The Zdar granite (granite, microgranite and granophyre) occurs
in 8 number of scatterod masses at tho south extremity of the
outerop of the Delhi system. The Delhi systom, which may be
taken s marking the commencement of the Purmna Em, is

L A, Lo Coslieom, Mo, 0251, val, zliv,, 1081
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characterised by » great variety and abundance of igneous in-
trusions and by an intenser grude of metamorphism than that
observed in the older Aravallis (Archueans). This ciroumatances
i explained by the fuel that the Dellis were buried more deeply
in the Toots of the gynolinorium than the older Aravalli rocks;
which form the flanks of the fold and hnve thus escaped sovere
metamorphist. The Purana Era in Rajputsna waa one of
igneons and orogenic nitivity, localised and more or less contined
to the Aravalli mountains, Over the whole of this area the Delhi
system oxhibita yiolent unconformity with the Aravallis at its
base, while towsrds the newer Vindhyan terrain o the cast its
relations are those of & great boundary faull, with u throw of
over 5000 ft. Dr. A. M. Heron hes classified the Delhi systam

a5 follows:
Semri seriex (Lr. Vindlyan) of Chitor

e e S e i
Ajabgarh serfes : biotite-sohist, phyllites, guartz.
ites and impure biotitle lméstones and nno0 £,

DPelhi ealeiphyres < - - -
Systein { Hornstons breccia =« = Of variablo thickness.
iy i R AR o 11
wor acries ; quurteites, Sy OO tes | 10,000
and mica:schists with bedded lnvas - _}lﬂ.ﬂﬂﬂﬂ-
[I‘llﬂl";.ﬁ:'""‘ll'l-1 et e ™
Raialo Rainlo limestones and marhle,

Beries | Ruinlo quartzites.

The Bijawar series—The upper division of tho Lower Cuddapah
is more widely developed, and occurs extensively at Bijawar,
Cheyair, Gwallor, ete. The Bijuwar series in composed of cherty
limestones, siliceous hornstones nnd furruginons sandstones, huorn-
atite beds, and quartzites, resting uniecniformably on the goeisses.
But the most distinctive character of the Bijewar sories i= the
presence in it of abundant products of contemporaneous veloanie
petion—nsh-heds, Iava-flows and sills of a basio augite-andesite
or basalt, now resting as n numben-of interbgdded green toaps.
The dykes of thess layas that have penetrated the older formations
are supposed to be the parent-rock of the diamonds of Tndia. The
celsbrated * Goloonda " diamionds wore 'mostly detived from a
canglomerate mainly composed of the rolled pebhles of these
dvkes. V. 5. Dubey has reported o * dinmondiforous plog ™ [a
post-Rijawar trap dyke intrusive into the Bijawars) in the Rewah
conglomerstes of Panna State! Small dismonds ars found in

E Ind. e Cong. Proa ph i IS
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the matrix af this rock, which may be found to carrespond to the
“dismond pipes " of Kimberley, the prolific sourve of South
African dinmonds. Wherever the andesitio lave of the Bijawar
series is subjocted to fulding and compression, it has altered into
an epidiorite.

An exposure of very similsr charncter, oeourring in the valley
of the Cheyair river, is known us the Oheyair series, while the one
at Gwalior, en which the town of Gwalior stands, forms the
(healior serics, In the Intter series there iz o very conspicuous
development of unmetamorphosed ferruginous shales, jaspers,
purcellisnites, st hurnstones, associnted with the andesitio or bas-
altie lnvus of the Bijawar type.  The poroellanite and lydite-like
rovks appear to huve originated from the effects of contact-
metamorphizm on argillaceots strata, while the preponderance of
horustones; chorts and other silicoous rocks points to the presence
of solfataric action, connected with the voleanic activity of the
period. Bolfataras or hot siliccons springs some into existenco
during tho declining stages of voleanoes; they precipitate large
quantities of silica on the surface, likewise bringing about o good
deal of silicification of the proviowly existing rocks by chemical
replacement (motasomuatism) in the wnderlying rocks. The lower
division of the Gwalior series; resting npon the basement gneiss,
is kmown as the Par, and the upper is designated the Morar series,
Dr. Heron regards the Gwalior series as an isolated outerop of
unmetamorphosed Aravalli serios, which owe their horizontality
and nbsente of metumorphism to thelr distance from the main
axes of folding of the Aravalli range nnd their protection by the
resistant mass of Bundelkhand gneiss upon which they rest.!

An outlier formed of identionl rooks is seen in the valley of the
Pranhita, and is named Penganga buds, It must be understood
that the reason for giving these different local names to the
different ocourrences of what may ultimately prove to be the
same division of the Lower Cuddapah is the uncertainty, which i
always present in the case of unfossiliferous strats, of correlating
them with one another in the aheenee of any positive evidenoce.
Such an arrangement is, however, only provisional, and is adopted
by the Geologicnl Survey in their explorations of new distriots till
the homotsxia of tho different exposures is olearly established.
The local namies are then dropped.-and all the occurrences desig-
nated by u common name.

b M, .1, vol. tevil pi. 1, 1030,



124 GEOLOGY OF" INDLA

The Upper Cuddapahs— The Upper (uddapahs rest uncantorm-
ably over the rocks lnst destribed at n number of places, The

most important developnient is in the type area of the Cuildapah
basin, where it has received the nume of the Nallumalmi series,
from the Nallsmalei range of hills in which it is found, The
component rocks of the Nallamalas series are quartzites (Bairen-
konds quartzites) in the lower part, and indurated shales and slates
(Cumbum slates) in the upper. In the fimestone beds that ocour
intercalated with the ahales thore is found an ore of lemd, galenn.

The Kaladgi series—The Kaladgy series, another member of the
game aystem, is several thousand feet of guartzites, limestones,
shales, conglomerates and breccias, ocoupying the country between
Belgaum and Kaludgi in the Bijapur district. Townrds the west
they dissppear under the basalts of Deccan Trap age. The upper
part includes gome haematite-schists, which include sometimes 50
much haematite as to constitute a workable ore of iron. Be-
sides the above there are other localities where rocks of the Upper
Cuddapah herizon oceur, wiz. in the Kizton valley (the Kistao
seriea), in the Godavari valley (the Pakhal seriea, of 7500 feet of
quartzites, slates and flinty limestone), and in Rewnh, , Maha-
devan suggests that the Pukhals are really much older, belonging
to the Dharwar systen, and comparable with the Gangpur series
of Orissa, or with the less metamorphosed outerops of Khonda-
lites. Tt is also possible that a part of the Kaladgi series, the part
occurring in Ratnagiri distriot, heavily intruded by ncid and basio
rocks, is likewise of Dharwar age. \

Economics—The economic importance of the Cuddapah rocks
lies in some iron and manganese ores, interbedded with the shales
and slates, Numerous workabls doposits of barytes and asbestos
oceur among the Papaghanis in the Coddapah and Kumool Ihs-
tricts of the Madma State (p. 400). Other products of some use
are variegnted marbles, steatite, and the bright-coloured jaspers
und cherts, which are used, when polished, m interior decoration
and inlaid work, as in the old Mogul buildings. The Delhi system
contains some lodes of metallic compounds.  Most of the copper-
sres and all the cobalt and nickel ores known in Rajputana are
nssocinted with rooks of the Delhi system,

Stratigraphic position—The stratigraphic relations of the Cud-
dapahs prove that they are far younger than the Dharwars.  On
the other hand, their thoroughly azoic nature, and the moderate
degree of metamorphism they have undergone, show that the
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Cuddapahs nre older than the Vindhyans. In their lithological
characters they show muoch resemblance to. the pre-Cambrian
Algonkian system of North America. In Holland's scheme of
olassification, as we shall see later on, the Cuddapahs are grouped
with the overlving Vindhyans as the Purana group.
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CHAPTER VI
THE VINDHYAN SYSTEM

Extent and thickness—The Vindhyan system ls p vast stratified
formation of sandstones, shales and limestones encompassing &
thiokness of over 14,000 feet, developed principally in the central
Indian highlands which form the dividing ridge between Hindustan
proper and the Decean, known ns the Vindhya mountaing, They
occupy i large extent of the country—a streteh of ever 40,000
square miles—from Sasaram snd Rohtas in Western Bihar to
Chitorgarh on the Arsvallis, with the exception of 4 central tract
in Bundelkhand; whils s large area of Vindhyan rotks is covered
by the Decean trap. The outerop hod ity maximum bréadth in
the country between Agrn and Neemuch.

Rocks. Structural features—The Vindhynn systom in composed
of two distinet facies of deposits, one marine, caloarcous aml
argillaceous, characteristically developed in the lower part, and
the other almost exclugively arensececns, of fluviatile or sstusrine
deposition, forming the upper partion.  The shale, limestane and
sandstone struta show very little structural displacement or dis-
tarbance of their primeval characters; thoy have preserved almost.
their original horizantality of deposition over wide sreas; the
rocks show no evidenco of metamarphism, as one is led to expeet
from their extreme age, boyond indumtion or compacting. The
shales have not developed cleavage nor have the mestones under-
gone any degree of crystallisation. The only locality where the
Vindhyan strata show any marked stractural disturbance is along
‘the south-east edge of the Amvalli conntry, where thoy have beent
affectod by folding and overthrust due to the ernst-movements
which succoeded their deposition, and their internal mineral
structure eonsiderably altered, especially in the case of the free-
stones which have become guartzites.  The epeirogenio uphesyal
which lifted op the Vindhyan deposits from the floor of the sea

to form n pontinental Innd-aren wns the lnst serious earth-move-
124
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ment recorded in the history of the Peninsuls, no other disturbance
of a similar natore having ever affectod its stubility a2 a land-mass
‘during the long series of goological nges that we have yet to
review. The Peninsula hits remuined an impassive solid block of
the lithosphere, unsusceptible to any folding or pliestion, and only
affocted at ita fringes by alight movements of secular upheaval
and depression.

The Vindhynn sandstones throughout their thickness give
evidenco of shallow-water doposition in their oft-recurring ripple-
marked and sun-eracked surfices, and in their sonspicuous current-
bedding or disgonal Inmination, elinreters which point to the
shallow agitated water of the coast, near the mouths of rivers, and
the constautly changing velocity and direction of its currents.

Life during the Vindhyan Age—Except for & few obsoure traces
of unimal and vegetabls life occasionally discernible in the Vind-
liyan system, and such plausible evidences of the existence of life
as aro furnished by the presonce of thick limestone strata and beds
of carbonsoeous shales, glaneonitic sandstones, and some lonticles
of bright coaly matter (vitruin), occurring st the base of the
Eaimurs at Japla, this vast pile of sandatones, shales and lime-
stones is charaoterised by an almoat total absence of recognisable
organic remaing, The only fossils that have been hitherto dis-
tovered in these rocks nre small enrbonised, hormy dises, 1-3 mm.,
which nre believed to belong definitely to some fossil organism;
these have been found emboedded In black shales at the base of
the Kaimur series (Sukel shales) by Me, H. C, Jones, near Rampurs,
Mudhyn Bharat, But the speeimens are 100 imperfectly preserved
for spedific or even generie determination and have been variously
identifisd by palacontologists as minute horny valves of primitive
brachiopods, possessing affinities with derofhels or Neobolus, and
ulko ns algal plant remains. These impressions or casts, ‘while
sbundant st Rampurs, have not been observed elsewhere in the
same or ovorlying beds. Fucoid markings, belonging to indis-
tinguishable thallophytic plants, are usually seen on the ripple-
marked and sun-crucked surfaces of sandstones and shales, The
ugh of the Vindhynn system is thus uncertain, though it is pro-
bishle that the topmost part of the system msy represent 4 basal
Cambrinn horizon, The striking lithological similsrity of the
Upper Vindhyans with the Purple sandstone of the Salt-Range
Cambrinn is suggostive in this respect, _ .

Classification—The Vindhyan system has heen divided into the
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Lowor and Upper divisions of very unequal proportions, but justi-
fied by an unconformity hetween the two parts, quite appsrent
st some places and non-existent at others, snd also by a sharp
lithological eontrast hetween the lower and apper partions of the
AYBLem.

The Lower Vindhyans show tectonic deformation by folding
movements, while the Upper Vindhyuns are generally lying in
undisturbed horizontal steata;

Series. Stages,
[ Upper Blunder sandstone.
| Bhand Sirbu shules.
2 | Lower Bhander sandstone,
| Bhinnder limostone.
Coniglomers te-bed,
[ Upper Rewah sundstone.
= | Jhirt ahales
%’ﬂ:&r | frseni, | Lower Rewah sandstone.
oy | | Panna shales,
Comglomnrnte. bed,
| Upper Knimur sandstone
Eaimur conglomerate.
' Karmur, Bijnigurh sholes,

Lower Kaimtir sandston,
Buket ahnles.

Lowrr Vindhypan—
Somri Series » Kurnool Borves + Bhima Series.
Mealani Seriee of rhivolites and tuffs,
Cranite bossee of Jalor anid Siwann

Distribution of the Lower Vindhyan—The most typical, nnd at
the same time the most conspiouous, development of the system
is mlong the great series of escarpments of the Vindhyan range,
north of the Narbada Valley, particularly in Malwa and Bund-
helkhand in Madhyn Bharat, from which the system takes its name.
The lower division is well displayed in the Son valley, in Chhatis-
garh and in the valley of the Bhima. The Lower Vindhyans of
the Son valley have been the subject of o detailod study by J. B.
Auden, which throws light on conditions of sedimentation, palaso-
geography, climate and the guestion of the prevalence of life at
the time. He groups together 3000 feet of limestones, shalos and
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sandstones with interbedded porcellanites (silicified ssh and tuffs),
glauconitic sandstones, and mtrusive dolerites into the Semri
series, which vconformably underles the Ksaimur series of the
Upper Vindhyan, There are conglomerates, epiclastie breccias,
sod pebble-beds in the Semris, which show the great variability
and instability of physical conditions of the period, in contrast
with the striking uniformity of deposition which persisted all
through the Upper Vindhyan. The Semn geries, or its equiva-
lents, are found in the Son valley, Karauli State (Eajasthan) and
at Chitor. The uppermost stage, known ns the Roblas slage, of
500-700 feet, is composed of limestones and shales which support
the vement industry of the Son valley. Its eguivalents are the
Suket shales in Chitor, and the Tirokan limestone in Karauli over-
lain by beds of Pirohan fireecia,  The Robtes stage is underlsin by
olive shales, glauconitic heds, porcellanites nud basal conglomes-
nten in the sbove arcas. A fow discoid bodies ocourring in the Suke
shales are belisved to be either primitive brachiopods ( Fermoria)
or algal remains.  [n the Bhima valley the Lower Vindhyans con-
stitute the Bhima series, composed of quartzites and grits in the
lower part and shales snd limostones of varying colours in the
upper. Resting unconformably over the Cuddapah system, in
the distriot of Kurnool, there is & large outerop of contemporan-
enus rocks, about 1200 feet in thickness, known under the name
of the Kurnool series (Fig. 8).  The Kurnool series is interesting
as ik contains at the base s group of sandstones, some bands of
which are diamondiferous.  These beds, known s the Banagana-
palli beds, consist of conrse, sarthy felspathic or ferruginous sand-
stones of a dark colour. North of the Narbadas, the Lower
Vindhyans are very well exposed in the Dhar forest area. The
Sullavai sandstones of the Godsvari valley are o group of Lower
Vindhyan sandstones and quartzites resting unconformably on
the Pakhal quartzites, Contemporancons in nge with the Kur-
nools is the great thickness of limestones, shales and quartzites,
constituting the Palnad series of Hyderabad snd adjoining arcas.
The compesition of all these ocourronces shows local variations
in the rock-types, but in the main conforms to the argillaceous
wnd caleareous nature of the system.  Some of the limestanes show
# concretionary structure, the concentrio layure exhibiting differ-
ent colours and giving to the polished rock a besutiful marble-like
wppearance. The limestones of the Lower Vindhysn formation
ure extonsively drawn upon for burning as well as for building
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purposes. The Rohtas lmestone of the Shababad district s
espeoially valuable for lime and cement mnnufacture, and ia
largely quarriod. :

The Vindhyans of Rajputana. The Malani series—The mnique
soquence of Archasan and Parana sedimentary deposition in the
Rajputans synelinorium eame to an end with the Vindhyan period.
A large development of Vindhynns is seen on the east flank of the
Aravallis and & lesser one, in detached outorops, in the desert
rogions to its west. ‘The Lower Vindhyan rocks of Western Raj-
putans deserve special notice. Rocks which msy be correlated
to this system show there a very much altered facies, being com-
posed of a group of rhyolitic lavas with abundant pyroclastic
matarial, resting unconformably on the Aravalli schists. This
voleanic series ia known as the Maluni series, from the district of
that name [near Jodhpur in Marwar). The Malani rhyolites cover
some thousands of square miles around Jodhpur, They are partly
glassy, much devitrified, amygdaloidal luvas largely interstratified
with tuffs and voleanio breceia. The lavas vary in acidity from
rhyolites to quartz-andesites. Tn the majority of cases they have
undergone such an amount of devitrification that they appear
almost as felsite, the glassy ground-mass having completely dis-
appeared. An outerop of the Mulani sories composed of felsitio
rhyvolites and tuffs ocours, remote from the Aravallis, in the plains
of Northern India, in the Kirana hills in the Punjab, small highly
oroded onthiors of the Aravalli ehain Tn the Vindhyan terrain
of 8.E. Mewar the Milani voleanics and the Semri series are repre-
sented by a group of limestones, shales and sandstones with
hreccias and conglomerntos.

Commected with these luva-flows, as their subterranean plutonic
roots or magma-reservoirs which supplied the rsterials of the
oruptions, are hosses of granite, lnid bare by denudation in some
parts of Rajputana. Two varieties of granite are recognised in
them—one, hornblende-hiotite-granite (Jalor granite), and the
other, hornblende-gmnite (Siwane granite). The lutter boss
shows distinetly intrusive relations to both the Malani series and
the Arnvalli schists; it rises to a height of pearly 3000 feet above
zea-level, '

With the Vindhyan era, the most important chapter in the
geologionl history of Rajputana came to & close. Deposite of
some Mesozoic and Eoceno systems are found only in a few

1 Ree. GAL wol. xliil,, pt. 3, 1013,
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geattered outliers in Eastern Bajputann, for the most purt con:
cealed under the desert sands, The tectonics of Hajputana is of
great interest as revealing the struoture of the part of the Indian
foreland whose northern promontory, the "' Punjab wedge ', has
played such a part in meulding the orientation of the Himalayan,
and sovcording to Mushketov, also of the Pamir and Ferghana,
ranges. The main period of crustel deformation and igneous
activity in Rajputans was the Purana Ern.  The orogenic nctivity
was localised und more or less confined to the Aravalll belt from
north of Delhi to Gujarat, so that outside this orogenio zone the
pooks, even though so ancient, are unmetamorphosed.

Meaning of “ Lower " and * Upper " Vindhyans —The Lower
Vindhyan is separnted from the Upper by an unconformity that
is very npparent in the north but which tends to disappear in the
south areas of Mewar, Chitar and the Son valley. This signifies
that earth-movements supervened after the deposition of the
Lower Vindhyan sediments which elevated them into lsnd
in the Aravalli ares of the north and put a stop to further
sedimentation in these nreas. When, after re-submergence,
deposition was renowed, sn interval of time had elspsed,
during which the former set of vonditions disappeared, and the
mountains and highlands which yielded the detritus changed
complotely. Such earth-moyvements, esusing eessation of de-
position in & particular area, with n change in the physical con-
ditions, nre at the root of stratigrphic divisions, Smaller and
more local breaks in the continuity of a stratified suceession have
led to its further subdivision into aeries and sfages, while pro-
founder changes, accompanisd by more pronounced alterations
of land and sea, affecting the inter-continental and inter-sea
migrations of lifo inhabiting them, determine the limit hetwoen
system and system.

Upper Vindhyan—In their type-area, north of the Narbada,
the Upper Vindhyun sandstones consist of three well marked

divisions. (series):
Upper Bhander sandstone,
Sirlm shales.
Bhander series - -+ Lower Bhander smndstone,
Rhander limestone.
Giunurgarh shales.

Diamondiferons beds.
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| Upper Bewah sandstone.

, | Jhirl shales.
Rewah series = - [ _wer Rewah sandstone.

| Panua shales,
Dismondiferous beds.
| Upper Knimur saudatons.
Kuinmur conglomerate.

Kavmur series. - < | Bijnigarh shales.
Lower Kaimur sandatone,
. Suket shales,

The East Indis Railway from Katni to Allahabad runs through
the huart of the Vindhysn country, and thenee up to Dehri-on-Son
pusses along its north-eastern margin, without ever leaving sight
of the outerops of horizontally bedded red or buff sandstones,
Another Vindhyan provinee lies in Madhya Bharat, on the east-
tern borders of the Aravalli chain, This country is alao crossed
by the railway from Jholrapatan to Bharstpur, which almost
constantly keeps within sight of, or actually meets, a series of
illustrative outerope of the system. Prevalence of arid, conti-
nental conditions in the Upper Vindhyen times is suggested by
the perfect rounding of quartz-grains in the majority of the sand-
stones, and also by the prevailing red and brown colours of the
sediments and by the occasional presence of gypsum in the Bhan-

The junction of the Upper Yindhyans with the older rocks of
the Aravallis, at their north-west extremity, reveals an extremely
long fault of great throw, which has brought the ymdisturbed,
almost horizontal strata of the Vindhyan sandstone (Bhander
series) in cantact with the highly folded and foliated schists of the
Aravallis, This great fault, which hag s throw of 3000 feet, is

Fry, 'h—#llﬂ lhu-in; nmi.-.n Lt ey uur-hur wrios and rooka

the Vindhyun {ulter O
t. v
& el hiymsy Jammidesans, |

L Giwalior series | Par snndstonn).
1. Bundelichatu) gnels,
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roughly parallel with the eaurse of the river Chambal and can be
traced from the westorn limit of the outorop as far north as Agra,
a distance of 800 miles. Tt s possibile that this junction is not
of the nature of an ordinary fraoture or disloeation, but marks
the approximate limil of deposition of the younger Vindhyan
sandstone against the foot of the Aravallis which was modifie]
subsequently by faulting nnd thrusting, The faalt, thereforo, is
of the nature of o " Boundary Fault ", which recdlls the much
better known case of the junetion of the younger with the older
Tertiarics of the Himalavas. (See Siwalik Systom, Chapter XX,
p. 358.)

Vindhyan sandstones—Sandstones nre by fir the most cammon
rocks throughout this division with the exception of the Lower
Bhander stage, which is for the greater part caloarsons, The
sandstones are of a uniformly fine grain, preserving their unifor-
mity of texture snd composition unchanged for long distances.
The colours are variegated shades of red, yellow or buff, or grey,
while they are often mottled or speckled, owing to the variable
dissemination of the colouring matter, or to its removal by
deoxidation. The Kaimur as well as the Bhander sandstones are
fine-textured, soft, easily workablestones ofa deep red tint, passing
now and then into softer shades of great beauty. These sand-
stones are availahle for easy quarrying in any quantity in all the
loculities mentioned. No other rook-formation of India possesses
such un nssemblage of charpoters, rendering it so eminently suit-
able for building or architectural work. When thinly stratified,
the rock yields flags and slabs for paving and roofing purposes;
when the bedding is coarse, the rock is of the nature of freestone,
and large blocks and columns can be cut out of it for use in a
number of building and architectural applications.*

Shales are sparsely developed in the Upper Vindhyan division,
and are of loesl occurrence only. They are often carbonaceous.
At other times they are siliceons or calearpous, They are dis-
tinguished under various names, such as Bijaigarh shale, Panna
shale, Jhiri shale, ete., from their Jocalities, )

Economics—The Upper Vindhyans are remarkable for their
enclosing two dismond-bearing horizons of strata, one lying be-
tween the Kaimur and the Rewal series, the other between the
latter and the Bhander series. ‘The historically famous Panoa
snd Goleonda dinmonds were mined from these beds, from one

1 Seo Chapter XX VI—Hullding Btones.
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or two small productive patches, The country-rock is n oon-

glomerate containing water-worn pobhles of older rocks, among
which are pebbles of the Bijawar andesite already alluded to,
which is eonjeotured to be the original matrix in which the dis-
monds onoe orystallived.  The Vindbyan system is not possessed
of any metalliferons deposits, but is rich in resources of boilding
materials, which furnish sn unlimited measure of excellent and
durable froestones, fagstones, omamental stones, and large
quantities of limestones for the manufacture of lime and coments.
The Bhander stage has yielded materials for the building of some
of the finest specimens of Indisn architecture. The famous stupas
of Sanchi and Sarnath, the Mogul palaces and mosques of Delhi
pnd Agm, and the modern Government edifices of New Dielhi nre
built of Vindhyan sandstones. The economic aspects of the
Vindhysn rocksare dealt with in the chapter on Economie Geology.

Himalayan Vindhyans—The extra-Peninsular representatives of
the Vindhyans, and probably also of the Cuddapahs, ave surmised
to be largely present in the belt of unfossiliferons sedimentary
rooks that lies between the orystalline rocks of the central and
the younger rocks of the outer Himalayas, 1t is a question how
fur thoy are homotaxial with the Vindliyans, or with the Raialos
or the Delhis of Rajputana. They are designated by various
names in the different parts of the mountsing. Near Peshawar
they form a large outerop of dack slates (the Attock slates), with a
fow limestones and sandstones here and there, permeated with
trappenn intrusions; in Hazara also there is & large outerop of
black nfossiliferous elates. A prominent belt of slates and
associated rocks ocours in the south-west flank of the Pir Panjal
and Dhanladhar ranges of the Kashmir Himalays. This series
has been named the Dogra slates. The Dogrn slates are uncon-
formably overlain by a great thickness of unfossiliferous sediments
—the Tanawnl series. In the Simla area the Vindhyuns are pro-
bably recognisable in n thick series of dark unaltered slates and
micaceous sandstones under the name of Simla slates. The Simla
slotes nre succeeded after n pronounced hintus, indicating either
an unconformity or o thrust-plane, by s group of banded slates,
sandstones and pebbly quartzites, named the Jaumsar series.
The Tanawals and Jaunsara are in all probability representatives
of the Lower and Mid-Palaeoxoic fossiliferous formations desoribed
in the following two chapters. North of Chakrata, rocks of this
sge, formmg the peak of Deoban, are known us the Deoban series.
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They oonsist of extremely compact grey dolomite and limestones
with cherty concretions, Near Darjealing, the Western Duars and
the foot-hills of Bhutan, they constitute the Baze series of
quartzites, elutes and dolomites ocourring in handa between the
Daling outerop and the Gondwana sirips of the eastern sub-
Himalayns., All the Vindlyan rocks of the Himalayus ure distin-
guished from the Vindhyans of the Peninsula by the scanty de-
velopment in them of the arenaceous facies and the predominance
of argillaceous elements; also, us is quite pbvious, they are mach
folded, compressed and inverted by being involved in the severs
fiexures of the mountains,  As s rule these older rocks overlio the
younger members of the sub-Himalwyan zotie along u plane of
overthrust—this being the most persistent feature of the structure
of the Quiter Himalayns from the Punjab to Assum (see p. 415).

The relation of the Himalsyan unfessiliferous systems to the
Peninsular Puranas—It is the beliof of the Indian Geologieal
Survey, first promulgated by Sir T. H, Hollund, that these old
unfossiliferous formations developed on the south of the central
Himalayan axis, representing the Dharwar, Cuddapuh and Vin-
dhyan systems of the Peninsula, are only the northern outliars or
prolongations of the respective Peninsular systems, which were
onee cantinuons and connectod hefore the Himalayan ares became
demnreated from the Peninsula by the npheaval of the Himalayan
chain and the concomitant formation of the deep Indo-Gangetio
depression. During thess movements the extra-Peninsular ex-
tensions of the Dharwar, Cuddapah and Vindhyan systems were
oaught up in tho Himalayan system of flexures, while their
* Peninsular congeners " were left undisturbed, The beliel
reveives strong confirmation from the faot that on the northern
side of the central axis, i.e. the Tibetan, thoro is an altogother
different sequence of strata from that oconrring on the Indian
side, being composed of marine fossiliferous sediments of almost
avery geological age from the Cambrian to the Eocens. This
total difference in the facies of the deposits of the two sides of the
chain suggests the prevalence of altogether difforent physival and
geographical canditions in them, and indicates that the two areas
(Tibet and India) were fron: the earliest times separnte and under-
went altogether different geologioal histories.

Homotaxis—With regand to the homotaxis of the ’ﬁm!hym
system thore exists some difference of opinion. From its litho-
logical agreement with the fossiliferons Combrian of the Salt-
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Range, Vredenburg has considered it to be Cambrian in age, while
Sir T. H. Holland regarded all the unfossiliferous Peninsular form-
stiona resting above the Archaean-Dharwar complex as pre-
Cambrian, ocoupying much the same position as the Torridon
sandstone of Scotland overlying the TLewisian gneisses, and
grouped them in his Purana growp, The Purana group of this
eminent nuthor includes the unmetamorphosed but more or less
disturbed and folded rock-svstem that imtervenes between the
erystalline Archacan and the fossiliferous younger aystems of the
Peninsuls. The Porana group thus forms a sort of transition be-
tween the foliated and the highly metamorphosed Dharwar and
Archaean gneisses and the fossiliferous Palacozoio strata. It in-
cludes the major part of what, in the early days of Indinn geology.
waa callod the Transition System. The discovery of the few un-
donhted organio remains and rock-aggregates suggestive of the
action of life, both in the Lower and Tpper Vindhyan, now lifts
this rock-svstem from the pré-Cambrian to an indefinite horizon
in the Cambrian. Future discoveries of fossils may prove that
the upper part of the apparently barren Puranas of parts of the
Himalayas is really Lower Palueoroie, und owes its generally
unfossiliferous charnoter to aceidental circumstances.

We have seen in Chapter IV that the same suthor has linked the
Dharwar with the Archaean systom, recognising, in the uneon-
formity that separates the former from the Puranas, a far wider
significance and more extensive lapse of time than in that which
separates the Archaean from the Dharwars.

The following table shows In outline the scheme of classifieation
of the Indinn formations adopted by the Qeologicdl Survey of
India, The classifieation of the post-Purana systems is based
upon the recognition of the two moest profound breaks in the
continuity of that series of deposits, These breaks or "' Jost
intervals "' have o fandamental meaning in the geological history
of India; they denote periods of great crust-movements and ero-
sion, and mark the commencement of new eras of life and sedi-
mentation. The first break was subsequent to the Vindhyune,
and is universally observed in both the Peninsuls and the extra-
Peninsuls, The ather is & somewhat less pronounced break at
the base of the Permian in the extra-Peninsula. In all the other
areas of Indis, the post-Vindhyan break is the most momentous
and universsl, and comprehends s long eyele of unchronicled ages
From the Vindhysn to the Permo-Carhoniferons.
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Recent
T
| Productns Series and Talehir
Series (Upper Carbonifer- I*‘l"!i"“-
oten and Pepmian), |
Fossiliferous. | Pulseozole uncan-
formity.
Po Series (Lower 1o Meddls
Clirbamiferans),
T Dhrneadian,
Havmanta Sysem (Cambrian).
Powt-Vindbyan break.
l-'l'mf.ﬁyn[n Syutom.
1
Cuddapah Stisten. Parana.
ot B
Bharear System
ami
Archaean Syatem, | drchadan,
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CHAPTER V1
THE CAMBRIAN SYSTEM

The Cambrian of India—Marine fossiliferous rocks of Cambrian
age nre found in o thick series of strate at three places in the
extra-Peninsula, each of whith deserves a separate description.
The ficst and the most easily aceessible locality is the Salt-Range
in the north-west Punjab; the sscond is the remote distriot of Spiti
in the morthern Himalayas, in the distriet of Kangra, bevond
the crystalline axis of the Himalsyas. The third area is the
Baramuls distriet of Kashmir. Thess meks contain well-preserved
fossils, and henoe their age is no longer & matter of conjecture or
hypothesis, as was the case with the Peninsular formation last
dealt with.

[The Salt- Range—The Balt-Range is the most important locality in
Indin for the study of physical as well us stratigraphical geology.
Since very carly times it has attrocted the attention of geologists, not
anly because it contains & very large portion of the fossiliferous strati-
fied record of the Indian region, but bocanse of the easily accessible
naturo of the deposits and the clearness with which the various geo-
logioal formations are exposed in its hills. Bosides the steatigraphical
and palasontologionl interost, there is inscribed in its barren eliffs and
dried gullies such a wealth of grodynamical and tectonie illustrations
that this imposing line of hills can fitly be called o fiold-museumn of
goology, The Bult-Range (s a continuous mnge of low, flat-topped
mountains rising abruptly out of the flat Punjab plains; The range
extends from long. 74° to T1* E. with un approximately wast-west
strike, from the Jhelum westwards, through the Indus, to a long
distance beyond, undergoing where it crosses the Indus & deep bend
of the strike to the south-west. In all cssentinl structural, strati-

striking contrast to the north-western portion of the Himalayas, which

rise hardly fifty miles farther north. The two mountain-ranges thus

belong to differvnt orographio systems altogother. ‘The prominent

structnml peenlinrity of the Salt-Range is the more o less lovel plateau.

tap, ending alruptly on thnmtkli: in u long line of stesp escarpments
B

F
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and eliffe overlooking the Punjaly, and on the othier northern side in-
elining gently towards and merging infe the high Patwar pluing, which
ropresent i synolinal trough batweon the Sali-Rangs and the Rawal-
pindi foot-hills, flled up by Tortiney doposits,  The general dip of the
strata is in the north direetion, from one ond of the range to the other,
Thug, it ig on the north border that the yoomgest Tertiary rooks of the
mountains are seen, inclining away from the steep escarpment, whils
it is in these sbeep esearpanents that the oldest Palueozoic formations
aro exposed. The line of high precipitous cliffs is interseoted by a
number of deep gullios and ravined, some of them deserving the nsme
of cafoms, affording seotions which distinotly reveal the inner archi
tecture of the range, sa well as the details of its stratigraphy. Thero is
little vegutation or covering of decomposed rock or soil to hide the
details of thess ssetions. Exlensive heaps of talus or scrée-deposits
wro ecen all along the southern foot of the range at the base of the boll

Fro. 10-~Geotion iliusirating the gmorsl wirsrbary. of tba  Sah Hangs
mﬂimwi Bootinn ovir Chambal Hill (East).
12.18. Siwnlik ssmdatanes and oluys (Tpper Tortiary),
4. Magneman st or.
3. Neobolus beds,
2, Purple sy,
a, Dolomite bed in Baltsmarl
I. Sali-tused wod gypeom.
Winne, Men., §.5.1.. yol, =v.

The entire Jongth of the range is faulted in & most charsotoristio
fashion by & pumber of transverse dip-faults into well-marked bloclka
(block-structure). (Fig. 10). These olean-cut faulted blocks are #o
conspicuons to one who looks at the mnge from the plaina that they
can be sepumted out, and the main elements of their composition recog-
nised, from grest distances. At many pluces the faults aro of the
reversed type, sometimes intensified into thrust.planes, which lm:e
introduced & great deal of into the structure and strati-
graphy of the aron.  (See Figs. 10, 11, 20 and 21),

Tlie namo Salt-Range is aptly derived from the circumstance that
ita Jowest exposed rock contains large beds or lenses of pure commaon
salt, nll throughout ita extent. In this way an immense quantity of
rock-salt is embedded and svailable for extraction In many parts of

these mountaing.]
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The Salt-Range Cambrian—At the eastern extremity of the
Salt-Range a thick stratified series of rocks oceurs in s conformables
sequence, They are subdivided into the following groups in the
order of superposition (Fig. 11):

e 1 K akless { Bright red or green flaggy argillaceous
. 460 ft. ik { bedg, with euble clay pseudomorphs
' of sult.orystals.
Magnesion sandsfona: | Laminated white or cream-coloured
250 ft, | sandatones, often dolomitie,
' T Gty or dack-caloured shales contain:
3"me i s -| ing hruchiopods, trilobites, gantro-
. poils, ete,
"Dark red or purplish-brown wall-
" lone;
Burpe &"‘:: one { bodded sandstones with maroon.
: coloured shales at the base.
[ 8tiff clay or marl, mainly dark red
Saline series. and vermilion, with abundant gyp-
1500 ft. 1 J wum wnd salt, and thin beds of
ilnlomite,

The Baline Series—The nge of the lowest group, composed of
sall-marl, gypeeons marl, salt, gypsum, and dolomite, presents a
difficult problem which has long been one of the major contro-
versies of Indian geology. The boundary between the Saline
series and the overlying Purple sandstone is much disturbed and
is undoubtedly not a regular one,  This fact has been interpreted
in different ways; ane view is that this disturbed boundary is
merely the result of differential movement betweon two very
different types of rock—the very ' competent "' Purple sandstones,
and the soft, plastic, and " imcompetent " beds of the Saline
series; another interpretation stresses the effects of solution of
saline material and suggests that this has led to the severe dis-
turbanee and breceiation noticeable wherever the Saline series is
in contact with other rocks. A widely different interprotation
has been put forward by several geologists and is supported by
recenit work. It is that the apparently infra-Cambrian position
of the Saling series is due to a large overthrust and that the salt-
murl und associsted beds are really of Eocene age, B, Sahni hus
found micro-fossils of angiosperm plants embedded in the ault,
gypsum and associnted rocks from different outorops of the Saline
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series.  About the indigenous nature of these micro-fossils, how-
evor, same doubt hns been expressed. . K. Gee has established
that the large mnsses of gypsum in the westorn part of the main
Salt-Range—where it borders on the Indus valloy—aro of Laki
(Eocens) age, and although the nge of the gypsum and salt of the
central part of the range cannot be directly established in the same
way, it seems o rensonable assumption that it is of the same age as
the gypsum and associated beds & short distance further north-
wost, Ges, on the other hand, has found evidence which is re-
garded by many geologists as establishing the Cambrian age of the
Qaline series, The Talohir boulder-bed, which rests wneonform-
ably on the Cambrian, when traced W.N.W. from Khewra is seen
to lie on successively lower members of the Cambrian succession,
passing from the Salt-psendomorph beda at Khewrs to the Mag-
nesian sandstone, the Neobolus beds and the Purple sandstane,
and thenee on to the Saline series near Sakesar. The contact
appears to be an ondinary sedimentary junction and pebbles of
rooks from the Saling series ocour in the basal Talchir conglomerate.
If this reading of the section is accepted, it follows that the Saline
series is pre-Carboniferous at least. Alwo the Cambrian view
derives some support from the Joyn Mair bore near Chakwal,
where a deep oil boring passed from the Purple sandstone to the
Saling series st 8500 foet. Tt has however been suggested that
this may be an intrusive contact and not o sedimentary junetion,
and that the evidence does not necessarily imply 8 Cambrisn age.
for the Saline series.

[Near Khewra, the secumulation of gypsum snd rock-salt is on A
Iarge scalo, Atthaﬂ.yoﬂdt!ﬁnm,utﬁhm,thmhnmmuf
nearly purs orystalline salt of a light pink colour, interbedded with some
seams of impure red earthy salt (Kalar), of the total thickness of 30
feet. .&bﬁrﬁtﬁhhl&uﬂlﬂbﬁdd-tﬁl&iﬂkﬂ?ﬂio{m&t, Thie
uppu&upndtkannpmumujumddrﬂmmm more intors
calstions of Kalar and is associnted with other salts, viz. ealdum sul-
phate and magnesinm, potassium, and celeinm ghlorides, in greater
proportions.  The lateral extension of the salt-beds wppears to be very
great, smounting to several square miles in area, and thers is thus s
vory lurge supply of salt from the Khewrs deposits, To this must be
added the salt containeed in the red marl at other parts of the range,
und worked in seversl smaller mines. The associated gypaumn ocours
mmm.;,d?hm:ﬂr'ﬂm: it axhibits an ircegular bedding

v t in .
ﬁmuinmw‘ purity degree of hydration, passing af
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The origin of the sell-merd s not known with certaindy.  Obdhue
euggestedd that it is an alteration product of preexistiog sedimenta by
the action of noid vapours and solutions.  Christin haa brought foreard
evidenoe to show that the salb and gypeum were formed by the evapora-
tion of sen-water in inland or enclosed basing which wers intermittontly
eut off from the main ocean by barriers.  The red saling earth or Kalar
senmms are held to indioats the last stuge of the desiceation of the sea-
bed ; the oveurrence of polassium salts mentioned below, just under
noath the Kalar, js pointed to as further evidonce in sapport of the
evaparation theory; for, in a sea-basin undergoing desicoation, the salts
of potassium are the last to be precipitated, after nearly #8 por cent
of the water hag evaporated.  Itis srgued that the stoatification-planes
which were originally present, hoth in the mclosing maed snd in the
salt, have been oblitersted subsequently by superficial agencies as well
a4 by the effects of compression and sarth-movements on n soft plastio
substance like the marl.

Thers iz no doubt that although much of the Baline sories outerop ia
devoid of olear stratification, othor parts show the clearest disposition
of the different components of the Saline series into distinet beds which
are of sedimentary origin.  This Is particularly shown by the dolomites
and dhales mssocisted with the red marl, and aléo by the hands of
gypsum and salt.  This prominent stratifioation shows that hypotheses
bused on an * igneous ' or “ intrasive "' origin are inapplicable, and
that the Saline series i@ in the main of sodimentary origin. Neverthe-
less, the discovery in Kohat and in the nortbs-west end of the Salt-
Range shows that the gypsum is—at least in purt—an alteration pro-
duot of limestones, The intimate sssociation of imestones and shales
with the gypeum in the Sali-RBange is elosely paralleled in Kohat.

Economica—The cconomic importance of the salt deposite is great,
ns they produce sbout 150,000 tons of salt per year. Besides the
shloride of sodium, there are found other salts, of use in agriculture and
industries. Of the latter the salts of Potastivm (Bylvite, Kainite,
Bladite and Langbeinite), which cocur in seams underlying beds of
md earthy salts (Kalar), are the most important. Magnesiom salis
are Epsomite and Kieserite.]

The Purple sandstone—Overlying the salt-murl, but in a most
irregular und mechanically disturbed manner, is n series of purple
or red-coloured sandstones. The junction-plane between the two
series of strata is so discordant that the marl appears to have
intruded itself into the lower beds of the PﬂTP]IFIm The
Purplo sandstone is a red or purple-coloured series of sandatone
beds. Tt is a shallow-water deposit, ns can: bo seen from the
frequency of oblique Ismination, ripple-marks and sun-cracks,
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and such surface marks as ran-prints, worm-burrows, fuooid im-
pressions, ote: The lower heds are argillaceous, being known as
the * Maroon shales,"” gradually becoming more arenaceous at
the top. Worm-tracks and fuooid marks are the only signs of life
in these rocks.

Neohalus beds—This stage is succeeded by the most important
beds of the system, a group of dark micaceous shales with white
dolomitic layers known ns the Neobolus beds, from their containing
the fossil brachiopod Neobolus, (ther fossils are Diseinolepis,
Schizopholis, Lakhmina, Lingula, Orthis, Conocephalites, Redlichia
{n trilohite resembling (Henellus) and the probuble pteropod Hyo-
lithes,. The brachiopods and trilobites resemble those of the
Cambrian of Europe, and hence the Neobolus beds stamp the
whole connected series of deposita as Cambrian, This division of
the Cambrinn of the Salt-Range is well displayed in the hill sur-
mounted by the old Khusak fortress in the neighbourhood of
Khewra.

Magnesian sandstone stage—Overlying the Neobolus beds is the
Magnesian sandstone stage, a sandstone whose matrix is dolomitie
and imparts to the rock its white or cream colour. There are
also some beds of dolomite, among which are a few oolitic or
pisolitio bands. Some of the beds in this group are very finely
laminated; sometimes a hundred laminae can be counted in the
thickness of an inch. When showing oblique Ismination and minor
faniting in hand-specimens, they form prize specimens in a stu-
dent’s gollection. The only fossil contained in thess rocks is
Stenotheca, s lower Cambrian molluse, besides a few unrecognizable
fucoid and annelid markings.

Salt-pseudomorph shales —The Salt-psendomorph shales are
bright red and variegated shales with thin-bedded sandstones.
The name of the group is derived from the numerous pseudomor-
phio casts of large perfect erystals of rock-salt very prominently
seen on the shale-partings. It is evident that these strata were
formed on a gently shelving shore which was laid bare at sach
retreating tide. In the pools of salt-water on the bare beach
erystals of salt would be formed by evaporation, which wounld be
covered up by the sediments brought by the next tide. The
cavities left by their subsequent dissolution would be filled up by
infiltrated eclay.

Trans-Indus Cambrian—In the west of the Salt-Range, in the
trans-Indus area, the Cambrian beds are seen near Ssiduwali in
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the Kirr-Khosor range.  The lowest: beds are the Purpls sand-
stones of the Salt-Bange sucoession but higher in the saquence
there are massive gypsum, dolomite, and bitnminous shales; the
facies thus differs somewhat in lithology from the corresponding
beds in the upper part of the Combrinn sequence. of the Salt-

Range.

CAMBRIAN OF SPITI

In the Spiti valley! lying amid the north-eastern ranges of the
Kangra distriot, and in some adjoining parts of the central
Himalayns, s nearly complete sequence of fossiliferons Palaeozoio
and Mesozoic strnta i laid bare, in-which reprosentatives of all the
geologionl systems, from Cambrian to Eocene, have been worked
out in detail by a number of geologists since the middle of the lnst

The Spiti area, the elassic ground of Indian geology, which will
recur often in the following pages, is in general a broad synelinal
basin (s Geosyneline) which contains the stratified deposits of the
old Himalaysn sea, representative of the ages during which it
oceupied the northern Himalayss and Tibet.

The axis of the syneline is north-west-south-east, in conformity
with the teend of the Himalayss. The youngest Mosozoio forma-
tions are, obviously, exposed in the central part of the basin,
while the successively older anes are fnid bare on the flanks, the
oldest, Cambrian, being the outermost, i.e., towards the Punjab,
The dip of the latter formations is northerly in the muin, ie.,
towards the interior. All these formations are fossiliferous, the
fossils being the means of a very precise correlation of these sys-
tems with those of Europe. The student shonld consult Dr.
Hayden's memoir on the geology of Spiti.* Hayden's researches
have contributed a great desl in elucidating the Palieozoie

logy of this region.
wﬁ?&mﬁd&u of Spiti. Cambrian fossils—The Cambrian of
Spiti rests over the highly metamorphosed pre-Cambrian series of
schists (the Vaikrita series), which in turn are tmdm'lm:ll by what
huve been regarded ae the Archacan gneisses. Thore is & great
thickness of highly folded and disturbed sadimentary strata com-
prising the whole of the Cambrian system—Lower, Middle and
bt e e e ) ST S

22° 10° X, Long. 78" E.
* Mam. @.8.1,, vol. i phe 1, 1908,
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Upper. The system has boew named Homanta. from its ocour-
renee in high suow.capped peaks. The component rocks are
principally argilliceons and siliccons rocks such as slates and
quartzites; the Intter ocoupy the base, followed by red and black
alntes, with much enclised hagmatite in the former and ear-
bonaceous matter in the Iatter. At the top are again siliceous
slates and shales interbedded with dolomite. The upper portion
of the group, constituting # thickness of some 1200 feet, is fossili-
furous, A fairly abundant Cambrian fauna has been discovered
in it, of which trilobites form the chief element. The following
are the leading genora: Olenus, Agnostus, Microdiscws, Ptychoparia
{many species) and Iicellocephalus, Among the other fossils are
the brachiopoda Lingulella, Obopius and Obolella, and o fow crinoids
and gastropods | Bellerophon), The species of the sbove-named
geners of fossils show clear affinities with the European Cambirian
forms,

The most complete development of these strata i= exposed in
the valley of the Parahio, a tributary of the Spiti river. (See
Fig. 14, p. 168),

Autoclastic conglomerates—Some songlomerate layers nmong
the slstes sre of interest because of their uncommon mode of
origin. They are not ordinury elsstic eonglomomtes of sedi-
mentary derivation, but, according to Dr. Hayden, they are of
*“ autoclastio " origin, i.¢., they were produced by the crushing of
veins of quartz into more or Jess rounded fragments or lenticles
scattored in o fine-grained micaceous matrix, this latter having
been formed from the alutes,

CAMBRIAN OF KASHMIR

Fossiliferous Cambrian rocks are developed on u large seale in
ﬁuﬂznﬂuidm ?fﬂm Baramuls idirt.rint. u:ﬁndahmir to the north
elum, forming u broad frregular on the north limh

of the Palaeozoio basin of Hunduwar.

Dogra slates—Underlying the fossiliferous Cambrian of Kash-
mir conformably, and at some localities showing a transitional
passage into it, there is u thick zone of slaty rocks—argillaceons
cleavage slates, with generally oblique clesvage, with thin sandy
or quartzitic partings, often ripple-marked. They are quite un-
fossiliferons und their exact horizon, whether Purann or possibly
Lower Cambrian, is uncertain, Lithologically identical groups
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oocur in Hazara and Simla, recognised as the Hazara slales and
Simla slates,

The Dogra alates ocoupy long belts in the Pir Panjal {where
they are associated with a great thickness of contemporaneous
hasie trap), the Kishengangs valley and in Hazara.

Basins of Palasozoic rocks—Fossiliferous Palneozoic rocks of
Kashmir ocoupy elongated ellipse-shaped patches of the country
narth of the alluvial part of the valley, atretohing from north-west
of Hundawar to the south-east end of the Kashmir sedimentary
'* bisin "', where it merges into the Spiti basin. The Lidar valley
development is the more typical. The long axis of this ellipse,
north-west to south-east, vorresponds to the axis of & broad anti-
clinal flexure, in which the whole series of Palacozoic rocks is
folded, ~Denudation hns exposed, in the central part of this
anticlingl, a hroad oval outerop of the most ancient fossiliferons
rooks of Kashmir—the Cambrian and Ordovieian—tanked on its
two sides anceessively by thinner hands of the younger formations,
Silurian, Devonian and Carboniferous (see PL VIIT). A similar
section is exposed in the Basmai anticline of the Sind valley
between Sonamarg and Kolahoi, Palaeozoi rocks, especially of
the younger syatems, are also conspionons in the Vihi distriet, in
east Karnah, and, to n less degree, in the Pir Panjal, whilo the
great series of voleanic rocks of Upper Carboniferons age sre quite
ubiquitous in their distribution over the whole area of Kashmir,
forming the main mass of the Panjal range and of the mountaine
bordering the valley to the north-west, north and north-east.
Another loeality whioh epitomises a purt of the Palneozoio se-
quence, overluin by the Trias, i the lurge synelinal basin extending
from the Wular lake to Tithwal, The fold is traversed by the
narrow sereated ridge, the Shamsh Abari, in the steep procipices
of which are displayed fine sections of the Palacoroie folded in a
gimple synoline, the creat of the syneline (13,900 feet) building n
ﬁmf peaks falling away in bare rock-faces of thousands

The wbove-named outeraps of Palasozoic rocks, besides eom-
prising w large seotion of geological history within s small com-
puss, ure of importance in illusteating the simple type of folding
and tectonics witnessed in these mountaing. We shall, howevor,
see later that this part of Kashmir has undergone another kind of
teetonio disturbance —displacement of the naturo of a thrist sheet

(Nappe, p. 417). .
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Cambrian

Rocks of this aystem cover an extensive traet in Hondawar, at
the north-west extromity of the Kaeshmic valley. The Dogra
slates pass upward into imperfectly. cleaved and folinted oluys,
urenaceons beds and greywackes, with a few lenticular imostones,
The ripple-marked surfaces of the strata are often full of convo-
luted oasts, tubes and burrows of tubicolous Vermes, varying
from: threads to cylindrical pipes ronching 2 inches in dinmeter,
These beds pass up imperceptibly into massive elays of bright
blue colour, sandy slates and oolitic or pisolitie limestones, At a
fow sporadie sites there ocour crowids of trilobites and obolsceons
brachiopods, which have wvielded o fannn of Middle and Upper
Cambrian affinities:

Trilobites:
Agnostus.
Microdiseis.
COomocoryphe, 3 apecies.
Tonkinella, 2 gpecies.
Anomocare, B species.

Chaungia, 3 species.
Solenopleura, 2 species.
Blivintio.

Ptychoparia,
Hundwarella, 2 species.
Saukis.

Brachiopods: Pteropod :
Obolus. Hyolithes.
Lingulelia. Crinoid :
Avcrothele. Eocystites.
Botsfordia. Sponge:
Langulepis. Hazelia,

The most noteworthy feature of this fauna, sccording to Dr.
Cowper Reed, is its strictly provincial character, showing no
affinities with the adjacent Cambrian life-peavinees of the Salt-
Range, Spiti, or the Persian Gulf. Many of the sixten genern of
trilobites found in this area and all the species are new.  The whole
fhmsthuﬂinmhd]ymdﬂ!nin,hnﬁngnnmhﬁumhipﬂth

S Wadin, fee. 0.8.7, vol. bxviii pi- £, 183 Cowper Reod, Pal, Indies, N8
wol. sexl, Mem, 2, 1034
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adjacent Indian or neighbouring extra-Indisn provinees.  Un the
other hand, the Kashmir Cambrinn fauna exhibits affinitics with
the Cambrian of Indo-China.

No good Cambrion fauns has been found in the Lidar, Sind, or
Vihi area, where the fossiliferous Silurian exhibits n conformable
passige downwards into # thick group of knotted, erudely folisted
slates and arennceotis beds, greywackes, ete.  In the Wardwan
valley the same rocks reappear by a synelinal bending underneath
the younger strata of the intervening ground between it and the
Lidar., Here the Cambrinn slates have s phyllitic or schistase
aspect. owing to contact metamorphism by granitio intrusions.
In the Banihal valley also the Cambrians show a considerable
amount of folintion; beyond ammelid markings and indistinct
pteropod shells no determinable fossils have been found.

As we have to turn often to the Himalayus for study of the
suocoessive marine formations, Palaeozoic to Tertinry, n few notes
of historic and genernl information on the stratigraphie sequences
worked out in parts of the Himalayas (Knshmir-Hazara, Simla-
Garhwal) that have been more vxplored geologieally than others
ire given here.

Stratigraphy of Kashmir

R. Lydokker in the eighties of the last century made a geo-
logical survey of Ksahmir. His results wore published in Memoirs
of the Geological Survey of Indin (vol. xxii, 1883). Lydekker in
his preliminary survey grouped all the stratified formations of
Kushmir into three broad divisions—the Panjal, the Zanskar and
the Tertinry groups—the homotaxial relations of whose constituent
serios and systems were not clearly distinguished because of the
absence of satisfactory fossil evidence. Middlemiss worked in
the same field from 1908-1917. Middlemiss's researches have re-
vealod o series of fossiliferous strata in different parts of the
province, belonging to various divisions of the Palacozoic and the
Mesozoio, which have enabled him to make o more perfect classi-
fication of the Kashmir record. Thus he has resolved what was
formerly one comprehensive group, the Panjal system, which en-
compassed almost the whole of the Palaeozole sequence, into no
less than seven well-defined systems or series, the representatives
of the Cambrian, Ordovician, Silurian, Devonian, Carboniferous
and Perminn, and the homotaxisl equivalents of those of the
classic ground of Spiti.
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Of the Mesozoic systems, the Trins is the best and most fully
developed; the Jurssic and Cretaceons outerops are few and
mostly confined to the mountains of Ladakh which have scarcely
been systematically surveyed by geologists. All the "Tertiary

ms are fully represented in the outer mountaing and have
been studied by & number of workers,

The broad outlines of the stratigraphy of Hazars and North-
West Kashmir are gsimilar; these two regions form one more or
less continuous sedimentary terrain, though now isolated by the
deep kmee-bend of the mountains across the Muzaffarabad pro-
montory of the foreland. A great regional unconformity encom-
passing the period from the top of the Silurian to the Middls Car-
boniferous is & distinctive foature of this north-west provinee.
The south-east part of Kashmir has & continuous Palasogoic recond
similar to that of Spiti. s

The sceount given of the successive geological systems of Kash-
mir, in the following chapters, is deduced from the writings of
Lydekker, Middlemiss and Wadia. For more detailed informa-
tion with regard to the whole of the Palseozoio group and the
Trinssio syston, the student should consult original publications,
Ree. G.8.1. vol. x1. part 3, 1810, and vol, Ixviii. part 2, 1034,
For the remaining systems, and the tectonics of Kashmir, the
present writer's work should be consulted.!

Large Unsurveyed Areas of the Himalayas

1In spite of the large blanks till existing on the geological map
‘of the Himalayns, representing nearly threo quarters of the total
iares of the Himalayns, there has been during recont years
considerable advanes in our knowledge of the geology of these
mountaing, especially In discovering the broad lines of their
stratigraphic snd structural plan. Except for the immedinte
neighbourhood of Mount Everest, geologically reconnoitred by
successive Mount Everest sxpeditions, only two regions, Hazacn-
Kashmir and Simla-Chakrata, have been mapped in some detail;
the mountains of Garhwal and Kumnon, after the pioneer survey
of the last contury, have received only ocessional attention from
grologists?; while the entire block of the Nepal-Assam Himalayss

DUN, Wadis, Mom, 082, vol 1l pi 2 1028; Fee. G.5.1 vol. lxv. pt. 2,

|
1831, wol. bxvi . and vol: bexii. pta 2, 1837,
A et bt A G, Goslogiodt Dtomeeations in the Kumacn: Himalkyws,

Ziirbehy, 1030,
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oxoept for small areas in Sikkim, still remains & lerra incognila,
Howevar, the resulta so far obtained in stratigraphy and tectonics
disolose & unity of structure and constitution for the whole of this
miountain system from the Indus to the Brahmaputra. Data are
slowly ncoumulating which tend to show that the baffling com-
plexity of structure and diversity from area to aren of the Alps,
though encountered in o fow local patches, aro not met with in
the snme degree in the Himalayas, a fact which, if substantiated
by farther work, will enable & complete synthesia of Himalayan
geology and orogeny to be built up in the near future,

Himalayan Stratigraphy—Correlations

Modlicott in the Kumaon and Middlemiss in the Kashmir
Himalayas in 1010 securely laid the foundations of the strati-
graphy of the Himalayas. The total absence aof fossils in the
Simla Himalays introduces great difficulty and uncertainty in
correlating even the broad divisions of strata, but of late yesrs
ocareful study of relative metamorphism and structural rolations
of thrust-planes and unconformities has enabled the natural order
of superposition of strata to be established more or less in parnllol
with the fossiliferous systems of Kashmir, The Himalayss have
boen divided into three longitudinal stratigraphical zoges: an
outer or Sub-Himalayan zome, composed of Tertiary rocks; a
central or Himalayan zone, composed of crystallines and unfos-
siliferous alaty sediments constituting the bulk of the Central
ranges: and a northern or Tibetan zone composed of fossiliferous
maring sediments mnging from Cambrian to Eocene. It is pro-
babli that the middle Himalayan zone denotes the central geanti-
cline within the main Himalayan geosyncline. In the Esstern
Himalaya, this geantiolinal axis (approximately following the line
of the Great Himalaya range) lies close to what was the southern
shore of the Tethys, with the result that almost the whole of the
Tibetan zone is to the north of the range, leaving but little Palaeo-
zoie and Mesozoio sediments on the Indian side of the axis. In
the Western Himalaya of Kashmir and Hazara, however, the axis
lies well to the north of what was the margin of the Tethys, so that
the Tibetan zone b not confined to the north of the Great Hima-
layan rangs but is found in detached patehes on both sides of the
axis. The unfosiliforons sedimentary systems of Simla-Chakrata
muy b regunled ns detached outliers of the Tibetan formations
of Spitl, though their total luok of fosails s still an inexplicable
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cireumstance, It is also possible that some of these systems, the
glder ones at least, are the congeners of the Peninsular Pursna

formation.
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CHAPTER VIII

THE ORDOVICIAN, SILURIAN, DEVONIAN AND LOWER
AND MIDDLE CARBONIFEROUS SYSTEMS

Introduction—These great groups of Palueozoic strata do not
ocour at ull in the Peninsular part of Indis, while their occurrences
in the extra-Peninsular area are also, with ono excaption, outside
the geographical limits of India proper, and confined to the
northernmost borders of the Himalayas and to Upper Burma,
In the Peninsula there exists, batween the Vindhyan and the next
overlying (Upper Carboniferous) deposits, a great histus Arising
from o persistent epeirogenie uplift of the eountry during the ages
that followed the deposition of the Vindhyan sediments. The
absonos from Indis of these formations, constituting nearly three-
fourths of the Palacozaic history of the earth, is quite noteworthy,
a8 it imparts to the Indian geological record, especinlly of the
Peninsuls, a very imperfect and fragmentary character. The
Himalsyan occurrences of these rook-groups, referred to above,
are restricted nlso to the northernmost or Tibetan zone of the
Himalayas, where a broad belt of marine fossiliferous sedimentary
rocks extends from the western extremity, Hozara and Kashmir,
through Spiti, Garhwal and Kumaon to Nepal and even beyond,
and in which representatives of almost all the rook-systems from
Cambrian to Eocene are mecognized,

1. Seire Aria,

Ordovician and Silurian— Overlying the Haimanta system in all
ports of Spiti there is a thick series of red quartzites and grits,
underlain by conglomerntes and passing upwards into shales with
bands of limestone and dolamite, The accompanying table shows
the relutions of the Ordovician and Silurian of Spiti with the
overlving and undevlying frmations (#ee Fig, 14} :

- 164
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Devoninn, Muth Quinrtzite.

Grey coloured silicoois imestone.
Silirinn ¢ Conel dsnestones,
< : Shaly Hmestones with brachiopods,
corals nnd gastropods.
Hard grey dolomitic limestones,
Dark and grey limestones with oy | 2000 fr.
tidea, brachiopods snd trilohites, :
Shales and flaggy sandstones and

Ordovician, : _

Thick mass of gink or red quartzite,
gritty unfossiliferous coarss oon-
glomorates.

Cambrian, Haimanta hlack shales and alates.

The lower, arenaseous, beds are unfossiliferous, but the upper shaly
and ealeareous portion has yielded numerous fossil brachiopods,
eystids, erinoids, corals and trilobites. Of these the most im-
partant geners are: (Trilobites) Cheirurua, Illaenus, Asaphus,
Calymene and Brontews; (Brachiopods) Orthis, Strophomena, Lep-
taena, Alrypa, Pentamerua (1); (Corals) Favosites, Halysites, Cya-
thophylium, Syringopore and Chaetetes; (Hydrozoa) En*umatapwu.
(Gastropods) Bellerophon and Pleurotomaria; (Cystids) Pyrocystites
and Craterina. The sbovenamed genera bear close zoological
velations to those obtained from the Palaeozoio of Engdlnnd and
Europe,  relationship which extends also to many of their apecies,
& oertain number of them bemgmmmmwlmhragim ;
Devanian—Resting over the Silurisn beds is a thick series of
white hard quartzite, which is quite unfossilifsrous and whose.age
therefore, whether Upper Silurian or Devonian, is & mft:.w_uf
uncertainty. Since it rests directly over distinetly fossiliferous
Silurian beds and underlies fossiliferous strata of undoubted Lower
Carboniferous horizon, its nge is inferred with o high degres of
probability to be Devonian, in part at least. This quartzite is
known as the Muth guarizite from its ccourrence rmy‘_ngna;ﬂm-
ously on the pass of that name in Spiti, Dr. Hayden is inelined
to consider the Muth quartzite as partly Silurian and partly
Devonian, * The beds immediately underlying the Muth quartz-
ite contain Penlamerus oblongus, and ase, therefore, of Lian-
dovery nge. As there is no unconformity here, the ovarlying beds,
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ab lesst in part, must, therofore,
belong to the Silurisn,  As the
Muth quartzite merely ropre-
sents un old sandstone, and was
therofore  probably  deposited
fairly rapidly, the odds are in
fivour of the whols of the
Muth quartzite being Silurian,
It is, however, usually regarded
na partly Siluman and partly
Devonian.'"™ The Moth quartz-
ites, together with an overly-
ing group of hard siliceous
limestone, some 300 feet in
thickness in the neighbouring
locality of Bashahr, may be
tuken to represent in part st
least the Devonian Age in the
Himnlayas.

Carboniferous. Lipak series
—The Muth quartzite is over-
lain by o thick series of lime-
stones and quartzites more
thun 2000 feet (n thickness.
The limestones are hard, dark-
coloured and splintery. They
are, however, very prolific in
fossils, the fosiliferous bands
alternating with white and grey
barren quartzites, This series
in known as the Lipak series,
from & typical outerop in the
Lipak valley in the eastern
part of Bpiti. The fossils are
charaeteristie Lower Carboni-
ferous organisms belonging to
i) such geners as: (Brachiopods)

4 Productus (spp. cora and semi-

- reficulatus), Chonetes, Athyris
Ay (p. roysiv), Syringothyris (ep.
L Sir H. 1. Hayden in » pereonal note,

T. Trapdyion.

£l Unie

{Devemlan 1),

Productus slinles,

Parahio river, Spi,

3. Bllurian.
T Muth sedion

i Triae

P irrivengs

After Hoydon, Men. 2.5.1, vol. sxxvi, L

.

&
Fra, W —Heebbon along the

o, Tniminnis dolseits,

it Slistes il
& Halmanta
¢ Trilobite leda,
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cuspidata), Spirifer, Reticularia; (Lamellibranchs) Conocardium,
Aviewlopecten ; the Carboniferous trilobite FPhidlipsia; (Cepha-
lopods) Orthoceras and  Platyceras; (Gastropods) Euomphalus,
Comularia, Plewrotomarin; (Crustacea) Estheria; figh-teeth,
eto. ]
The Po series—The Lipak seriea ia suvcseded, in the ssms oon-
tinuous sequence, by a group of dark-coloured shales and quarts-
ites constituting what s known as the Po series.  (See Fig, 22.)
The lower division is for the most part composed of black shales,
traversed by intrusive dykes and sheets of dolerite.  The intruded
rock has induced much contact-metamorphism in the sliales, some
of which ave converted into pyritous slates and even into garnoti-
ferous mica-schists in the immedinte neighbourhood of the igneous
rook. The unaltered shales contain impressions of the leaves of
ferns and allied plants, of Lower or Middle Carboniferous (Mosco-
vian) affinities, such ns Rhacopleris, Sphenopleridium, Sphenop-
teris, eto. ‘The upper division of the Po series is composed of
shales and quartzites, the higher part of which eontains marine
arganisms in which the polyzoan genus Fenesiella preponderates,
and gives the name Fenestella shales to that subdivision, The
other fossils are spevies of Productus, Dielosma, Spirigera, Reli-
cularia, Spirifer, Nawtilus, Orthoceras, Proforetepora (sp. ampla),
ote. From the proponderance of polyzoa and the species of
brachiopods characteristio of the Middle Carboniferous, the latter
nge is ascribed to the Po series.

The Upper Carboniferous unconformity—The Po series is over-
Iain by n group of Upper Carbohiferous strata beginning with &
conglomerate, This complete development of the Palsezoie sys-
tems, up to and inctuding the Mid-Carboniferous, which we have
seen in Spiti, is an exceptional cireumstance and confined to some
parta only, for in Hazara, N.W. Kashmir, Simls and several other
areas of the central Himalays, the Upper Carboniferous canglo-
merate i& soen to overlie unconformably formations of far lower
horizens, whether Haimunta, Silurian or Muth, all the intervening
stages being missing. T'his eonglomerate, which will be referred

geology of India. Tt covers an unconformity univer=al in all
parts of Tndia where the Perminn system is seen. In this particu-
lur aron of Spiti thia unconformity is not apparent, becauss this
ares remained undisturbed by the erustal readjustments of the
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rest of the continent, permitting an uninterrupted sedimentation
to procesd in this locality, bridging over the gap.

This break in the continuity of the deposits at the top of the
Middle Carboniferous was utilised by Sir T, H. Holland as the basis
for the soparation of all the systems below it (collectively forming
the Dravidian group) from the remaining systems of Inter ages
which come above it, constituting the great Aryan group.

The following table gives a general view of the Palacozoic
sequence in Spiti;

Tertiary to Porminn.

up. | Upper Carboni- {Ew‘nmﬂ, conglomarate,
forous.

Slight unsonformity,

enpetells abnles,
[Hiddh:- Carboni-{ Po Berios, Shales and quurtzite
ferous, 2000 1. with plants {Culm).
Laower Enrb-uu.i~{Li k Scrios, [Bhales and limestones
s, fi. with Syringathyris,
Spirifer, ote,
Dresvidian | Devonian, {Hmh udrtgite and limestons,
Grotp. 1 ' B0 1,
Bilirian and Quartzites, shalos and coral Hme-
Ordovician. stone, oto,
2000 Ft,
Haimanta slates and quartzites with
Cambrinn. -[ dolamite, E
| $IKH)-H0UN0 11,

Purana  [Pre-Cambrian, Vaikrita saries of schista and

2. Kasmnz.
A stratified series, in many respects identical with the sbove
sequence in Spiti, ks developed in Kashmir in a ** basin * of sedi-
ments which lies an a direct north-west continuation of the strike
of the Spiti basin, the only instance within the limits of India of
a continuous and conformable well-developed Palasozoio suc-
cession., In this there is a very perfect succession of all the
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primary  stratigraphion]  systors—Cambridn, Ordovician and
Silurian, Devonian, Carboniferous and Perminn—conformably
overlying the unfossiliferous slate series (Dogra slates) of basal
Cambrisn or late Purana age.  In the Lidar Valley of Kashmir,
Middlemiss has proved s continuous guccession of fossiliferous
Palacozole strata from Ordovician to Permiian (see pp. 216-227).
The following tahle shows the section up to Middle Carboniferons:

Feneatelln Seriea

2000 ft. Middle Corboniferots,
Syringothyris limestons

1000 foet, Lawer Carboniforous,
Muth quartzsies

JO00 £, 1 Devoninn:
Bilurian and Ordovician

100 feet.

In North-West Kashmir later work has shown a very pro-
nounced stratigraphie break involving the whole time-interval
between the Muth guartzites and Upper Carboniferous. At many
Jocalities the Ordovician and Silurian alse are not developed, and
the Cambrian comes to be covered by the basal beds of the Upper
Carboniferous vaoleanio series of deposita.

Unfossiliferous representstives, however, of what are believed
to be continental types of the older Palacozoic systems are ob-
served in parts of Hazars, Fashmir and the Simla Himalayas.
In the two former areas they have been grouped under the name
of Tanawal system and in the latter under Nugthat aystem.

Ordovician—The Ordovician is doubtfully recognised in the
Lidar valley, nndetlying the fossiliferous Silurinn.  In the north
limb of the Shamsh Abari syncline near Trehgam (Hundawar
Tehsil) & series of sandy ferruginons slates, quartzose greywackes
and limestones oocur conformably above the Upper Cambrian in
w synelinal warping of the latter, and hero the Ordovician is
recognised by the presence of some species of Orthis, among them
0. of. calligramma Dalm., and other Orthid and Strophomenid
brachiopods, Leptelloiden; erinoid stem-joints, vte, Fragments of
proparian trilobites (7 Oheiriirus) are common, The limestones,
though frequently erowded with organie fragmentis, have yielded
no recognisable fossils. The Trehgam beds pass up into the
Eiutim,lmlllpttuhﬂufﬂhtdlwurnnum: limb of the main
syneline underlying the Muth Quartzites.

Detasled worlk in the thick group intervening between the Cam-
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brian sl the Moth Quartzites in the core of the Basmai anticline
of the Sind valley is likely to bring to light some further outeropa
of the Ordoviciun,

Silurian. Distrihution—Round the oval expanse of the core of
the Lidar anticline thero runs a thin but continuous band of un-
migtakable Silurinng strata, from which well-preserved Silurian
organisms have been obtained. These rocks are continuonsly
met with on the north-east side of the anticlinal from the nejgh-
bourhood of Eishmakam in tho Lidar valley to Lutherwan in the
Wardwan valley, On the south-west flank the outerops ure not
ag eontinuous, being hidden under the recent alluviam of the
Lidar and Arpat gtreams and their tributaries,

Rocks—Lithologically the stratia bear close resemblance to the
underlying Cambrian and Ordovician, being composed of sandy
shales or shaly sandstones with impure yellow limestones, but
they are distinguished by the presence of a well-preserved suite
of fossil organisme. Limestones and caloarcous rocks are less
common than in the corresponding rocks of Spiti. ‘The aggregate
thickness of the fossil-bearing Silurian strata is only 100 feet, but
the organisms preserved in them leave no doubt of their age, thus
denoting a highly valued geological horizon in Indin. They offer
ane of the few instanoces, in the whole of the Indian region, where
# well-defined Sitorian fauna ocours.  The presumed Silurian rocks
of the Shamsh Abari area are of much greater thiokness, but they
are ohsourely fossiliferous or unfossiliferous over wide stretches,
and their age is inforred from their superposition on the Upper
Cambrian or their conformable position underneath the Muth
quartzites. A fossiliferous Silurian horizon exists in the Central
Himalayns above the Haimanta system of Spiti and in the neigh-
bouring area of Kumnon and Garhwal; another example is in the
Shan States of Upper Burma. The ocourrence of Silurian rocks
is suspeoted, on strong lithologieal grounds, in Poonch and in
Chitral, but no index fossil has been obtained from these localities
hitherto, and their definite correlation is n matter of doubt.

Fossils' —The principal fossil is Orthis, which veours in a large
number of species. Other Brachiopods belong to the geners
Leptaena, Strophodonta, Atrypa, Meristelln, Orania, Strophomena,
Conchidiwm.,

Of Trilobites the following genern ocour: Lalymene, Illaenus,
Phacops, Acidaspis, Encrinurus, Beyrichia,

Cowper Roed, Bilurinn Fossily from Kaalumir, Ree, G.5.1, wol, sl pt. 1, 1913,
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The Cephnlopods nre represented by Orthoreras and Cyrioceras.

Sone corals ocour, including Alveolilns, Petrasa or Lindstroemia.

The absence from this fawnn of the well-known Silurian corals,
Favosites, Heliolites, Cyatliophyllum, Syringopora, etu., which are
present in the homotaxial deposite of Spiti, is noteworthy.  The
evidence of the other fossils, however, points to a similarity be-
tween these two deposits, o correspondance borne out by all other
subsequent formations,

Devonian. Ocourrence—The Devonian of Kashmir comes con-
formably on the group last deseribed. Tts outerop follows the
outerop of the Silurian in normal stratigraphic order and is co-
extensive with the latter. Devonian strata are well seen on both
the flanks of the Lidar anticlinal as thin bands; they are also well
exposed in the Wandwan distriot, where their re-appearance is
due 1o a synolinal folding,

An even band of hard, snow-white quartzites, 1000-2000 foot
thick, follows the hair-pin loop of the pitching tip of Cambrian
and Silurian outerops in the Shameh Abari syneline. 1t makes a
regular even belt lying between the Cambro-Silurian and the out-
crop of the next succpeding series, the Panjal Voleanic series.

The rocks regarded se Devonisn are o great thickness of
massive white quartzite, This rock, both in its composition
and texture ns well aa in ite stratigraphio relations to the rooks
below and whove it, exnotly resembles the Muth quartzite of
Spiti and Kumaon, which has been rogarded s Dovonian. As
in Spiti, these massive beds of quartzite, reaching the enormous
thickness of 3000 feet at places, are totally devoid of any fossil
remaing. The inference of their age, therefore, ia solely based on
their stratigraphic position: the Muth quartsites rest normally
between fossiliferous Upper Silurian beds below and fossil-bearing
Carboniferous beds above, whose fossil organisms indicate Lower
Carboniferous affinities; it is, therefore, reasonable to infer that
the Muth quartzites nre Devonian in part st least. Such evidence,
however, cammot be quite decigive, and it is possible that & part
or the whole of the Muth quartzite series may ultimately prove
to be of either of those ages—Upper Silurian or Lower Carboni-
ferous or both, Outcrops of the Muth series are easily detected
by the prominent escarpments and cliffs whioh it forms, due to the
harder and more compact (usrizites resisting the action of the
denuding agencies better than the underlying slates.

Lower Carboniferous, Syringothyris Limestone Series. Distri-

L
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bution—Next in the arder of superposition is a series of limestone
atrata lying sonformably over the Muth quartzites. The outerop
of this limestone forms a thin band bordering the north-west half
of the ellipse we aro considering; it cannot he traced further enst-
wards, being to & great extent hidden undor superfivial deposits
such as river alluvia, Tt has also suffered greatly by the over-
lapping of the Panjal traps, which approach it from the north by
snecessively overlapping the younger series. The present series
is well exposed at Eishmakam and Kotsu, which are good localities
for collecting fossils.

Outerops of the Syringothyris limestone of considerable thick-
ness, 2000-3000 foet, are observod in the Banihal valley of the
Pir Panjal, unconformably overlying the Cambrian. In the Sind
valley, narrowes hands of this limestone conformably overlie the
Muth quartzites. Both these outerops have suffered through the
overlap of the Panjal voleanics.

Lower Carboniferous fossils—The rocks composing the Lower
Carboniferous of Knghmir are thin-bedded tlaggy limestones of &
grey eolour with elay or quartzite partings which occasionally
nssume large bulk. The maximum thickness is over 3000 feet.
The ealeareous constitution of this series readily distinguishes it
from the older series, which are devoid of strata of limestone.  The
limestones are crowded with fossils principally belonging to the
brachiopod class. The most frequently ocourring brachiopod,
which characterises the series, is Syringothyris cuspidata. This is
a valunble index fossil, being also very typical of the Lipuk series
of Spiti. Chonetes is found in large numbers, together with many
species of Productus, of which the species P. cora is the most com-
mon, whils P. acabrivulus and P, reticulatus are not so abundant.
Athyris, Derbya and Bhymehonella are smong other brachiopods.

The age of the Syringothyris limestone series is determined by
that of the Lipak series, with which it shows exact
From the association of Syringothyris cuspidata with species of
Trilobites (Phillipsia), regarded as Lower Carboniferous, in the
Lipak group of Spiti, Hayden has asoribed to that group s Lower
Carboniferous horizon.

Middle (?) Carboniferous Fenestella Shales—Overlying the upper
beds of the Syringothyris limestone there comes some thickness of
unfossiliferous quartzites and shales befure the first beds of the
charcteristio Fenestellu-bearing strata begin.  These intermedi-
ate beds in their composition are allied to the upper group—the
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Fenestella shales to be presently described —but since they contain
o fossils proper to that series, they are regarded as *' passage
beds "' between the two series,

[n distribution this group is even more restricted than the
last described, being confined only to the north-west part of the
pllipse of the Palacozoic anticline of the Lidar and to some
puterops near Banihal and Budil in the Pir Panjal. To the
gonth-west the series is totully missing, having been obliterated

surrounds the outerop of the Syringothyris limestone and reaches
over 3000 foet in vertical extent. Its rolations with the overlying
voleanie agglomeratic slate are porfectly conformable and even
transitional, some of the black shales being crowded with pyro-
clastic and glassy débris, erystals of folspar, quartz, ewo.

In the Hundawar hasin this series, in common with the Syringo-
thyris limestone, is absent, the Muth quartzites here being overlain
by the Panjal Volcanioseries, It is alao absent from the Sind Valley.

Lithology— Lithologieally the Fenestells shales are s great
thickness (more than 2000 feet) of thiokly bedded quartzites inter-
stratified with black shales, sandy or micaceous, and thick, coarse
conglomerates. The shales are more prevalent at the buse, be-
coming searce at the middle and top. The shales are the only
fossil-bearing horizons in the series, being rich repositories of
fossil polyzoa— Fonestella, whioh gives the name to the series—
brachiopods, corals and lamellibranchs.

The following is  characteristio section scen st Lohindajjar:

Panjal agglomerate-slates. Upper

Carboniferous,
" Uppermont Frnestella shalos, not thick.
Unfossiliferous quartzites and shalos,
SO0.800 ft,
Biack sandy shales with Fenetella,
Lin) £t
Qunrtzite, 60 ft.,
Fenestalla | Gireyishshaly eariilstont, ohaoure fossils, | Middh
200 ft. Carboniferous.
Dark shales full of Fenasiella, corals, (7
ods, Tnmellibranchs 150 ft.
100 £t _
Sandy shales, full of Productus nod
other fossils, 500 ft.
Baso not seeil,
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Fauna—The most abundant fossils are casts, often ferruginous,
of species of Fenestelln, the impressions of whose fan-shaped zoaria
are preserved in countless numbers, often in great perfection,
Brachiopods are also abnndant in number as well as in spocies;
the most commonly oceurring are Spirifer (8. middlemissii and
8. varuna), Productus undatus, P. cora, P. lidarensis, P. spiliensia,
P scabriculus, Diclzsma, Uncinella, Awlosteges, Camarophoria,
Rhynchonella. The Inmellibranchs are Modiola and Aviewlopectn.
Pygidia of Phillipeia oceur. Besides Fenestella another polyzoon,
though very rre, is Proforetepora. The two must be carefully
distinguished, for the latter genus characterises a younger series
of bede which lies over the Panjal trap series.

Age of the Penestalla series—The fauna of the Fenestelln serios
possesses, accarding to Dr. Diener, strikingly individunl characters
ofitsown. Many of the fossil forms are quite special to it, bearing
no relations to any definite Carboniferous horizon. For this
reason their stratigraphie position is dubitable, and may be any
between Lower and Upper Carboniferons aceording to the same
authority.!

The disposition of the outerop of the Fenestella shales reveals
the existence of & dip-fanlt traversing it along the Lidar basin.
The fault is not important, but its effect upon the outerop on the
two banks of the river is quite {llustrative. The exposure on the
left bank lies much higher up the river than the right-bank out-
erop. ‘This is in consequence of u lateral shift (heave) produced
by & fault cutting scross the strike of the beds,

3. CHITRAL.

In the valley of the Chitral river, at the north-west frontier,
Devonian strata are found eontaining some of the characteristie
corals and brachiopods of the period, Farosites, Cyathophyllum,
Orthis, Athyris, Atrypa, Spirifer. Mr. G, H. Tipper has found
sections showing a conformable soquence from Lower Devonian to
the Fusuling limestone of Upper Carboniferous age.  The strue-
ture in these mountains is highly complicated, and the Deyonian
is ns a rule thrown against a Cretaceous or Lower Tertiary con-
glomerato (Reshun conglomerate) by a great fault.  The Carboni-
ferous ocotirs in well-minrked bands and embodies the Chitral slates
and Sarikol shales busides Fusuling limestone and some Belléro-
phon beds.  Lithologieally the Devonian of Chitral is a thick

Y Diepir, Pal, Tndica, X8, vol, v, muui. 2, 19185,
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gorios of limestones overlying a
gorios of oliler Palbenzoic sirata,
quartzites, red satdstones el
conglomerntss, in which wre to b
recognised the probable equiva-
lents of the Muoth quartzite and
the Upper Silurian horizons of the
better-known areas.'

4. BumMa
(Northern Shan States).
But & much more perfect. do-
velopment of marine Palneozoic
rocks is found in the eastern ex-
tremity of the extrn-Peninsuls, in
the Shan States of Upper Burma,
i which the Indian Geological
Survey have worked oub a suc
cession of founas, revealing & con-
tinuous history of the life and
deposita of the Palacoroic group
from Ordovician to Permian, The
Shan States of Burma are i soli-
tary instance, with the exception
of Spiti and Kashmir, within the
confines of the Indian region,
which possesses a complete geo-
logieal record of the Palacoroic
ern. The extreme rarity of fos-
ailiferous Palaeogoio rock-systems
in the Indisn Peninsula compels
the attention of the Indian student
to this distant, though by no means
geologically alien, province for
study. We can here give but the
barest outline of this very inter:
" esting development. For
details the student should consult
the originsl Memoir by Dr. La
Touche, vol. xxxix. part 2, 10135, _
1f; O, H. Tipper. Ree. G50,

+ H. H. Hoydes, Rec, 5.1 val, xiv. pt 4 1Y
vil. Iv. p. 38, nnd vol. vl ppy [TRT LN

af . Bhan Staves | Borm ), sectio

dn Vinllay il Ll

4. Namwhim sandstone, Upper Silurinn,

& Platesit Hmestons (Deconian gl PeemiCarbeayifeeo),

6, Numyan bede (Juress).

La Tomrhi, Mem., 1.8,1, val. xexix, pi. 2,

wirnss Lhe .E;m;..

T 18 —Bection of Palmeozoio




186 GROLOGY OF IXDIA

Ordovician—In the Northern Shan States, Ondovician expostires
vest over a hroad anferap of nnfossiliferons Cambrian quartzites
and groywackes (the Ohaung Magyi beds),  These in turn overlie
still older Archacan or Dharwar gmeisses (the Mogok gneiss), with
which is interbedded the well-known crystalline limestone (the
ruby-marble of Burma), the carrier of & number of precious stones,
such a8 rubies, sapphires and spinels. The Ordovician rocks are
variously colonred shales and limestones cantaining the character-
istio trilobites, oystideans and brachiopods of that age. The
vhamoteristic Ordovician genus of stemmed oystid, Aristocystis,
ie noteworthy, besides the oystids Caryoorinus and Heliocrinus,
The brachiopods are Lingula, Orthis, Strophamena, Pleclambonites
and Leptaena. ‘The pteropod genus Hyolithes is prosent, together
with some gastropods, The trilobites are Ampyr, Asaphus,
IHaenus, Calymene, Phacops, ete,

The Ordovicisn in the neighbourhood of Bawdwin s underlsin by
a series of voleanic tuffs and rhyolites which carcy valuable ore-bodies
of lead, xine, silver, The Bawdwin ores are metasomatic replacements

of the voloanio rocks, bronght about by thermal solutions emanating
from surounding granite intrusions.  The Bawdwin mines have pro-

duced same 468,000 tons of lead. and zine.oves yoarly up to 1041. The
ores pre argentiferois and carry about 20 oes, of silver t6 the ton of ore,

Namshim series. Zebingyi series—The Ordovician beds are
overlain by Silurian strata composed of a series of quartzites and
felspathic sandstones, the lower beds of which contain many
trilobites and graptolites. The graptolites include characteristic
forms like Diplograptus, Climacograptus, Monograptus, Cyrio-
graptus, Rastrites, eto.  The graptolite-bearing beds are suoceeded
by what are known as the Namshim series, containing trilobites
of the genera fllaenus, Encrinurus, Calymene, Phacops, Cheirurus,
and numerous brachiopods.  The Namshim sandstones are in turn
overlain by & newer series of fossiliferous, soft yellow and grey lime-
stones and calonreous sandstones, constituting the Zebingyi series
of the Northern Shan States. The fossils of the Zebingyi series
include a fow species of graptolites of the type-genus Monograptus,
together with cephalopods and trilobites (Phacops snd Dalman-
ites), possessing affinities somowhat newer than the Wenlock
limestone of England. These fossils indicate an uppermost
Bilurian age of tho enclosing strata. The Zebingyi stage is thus
to be regnrded as forming the passage-beds between the Silurian
and the overlying Devonian,
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gilurian fauns of Burma—The Silurian fossils obtained from
both the Namshim and Zebingyi horizons of the Shan States are:

Brachiopods —Lingula, Leptacna, Orthathetis, Strophomena, Or-
thiis, Pentamerus, Atrypa, Spirifer, Meristina,

Lamellibranchs—Pterinea, Modiolopsis, Glassa, Dualina, Cono-
erdinm.

Gastropods—Tentaculites,

Cephalopods—Many species of Orthoceras.

Numerous broken stems of crinoids,

Rugose coral—Lindstroomia.

Worm horings and tubos.

Trilohites—Ilaenus, Proetus, Enerinuras, Calymene, Uhetruris,
Phacope, Dalmanites, nnd fragments of many other trilo-
bites.

During the nineteen-thirties geologieal work in Burma estab-
lished the existence of a more or less parallel series of fossiliferous
Ordovician and Silurisn in the Southern Shan States, comparable
with those of the Northern Shan States through the help of a rich

ptalite and brachiopod fauna.! The graptolites have estab-
lished the Valentian and Salopian horizans of the Silurian.

Devonian—The Devonian is represented by a series of crystal-
line dolomites and limestones of Padaukpin, which have yielded
n very rich assemblage of Dovonian fossils, the only undoubted
aceurrence of Devonisn fauna that has been met with hitherto in
the Indian region. The fossils are very aumerots and belong to
all kinds of life of the period—corals, brachiopods, lnmellibranchs,
gastropods, cystids, crinoids, polyzoa, crustaces, ete,

Devonian fauna—The Devonian fauna of Burma:

Carals—Calceols (sp, sandaling, the characteristic Devonian
voral), Cyathophylium, Cystiphylium, Alveolites, Zaphrentis,
Heliolites, Pachypora, ete.

Polyzon—Fenestrapora, Hemitrypa, Polypora.

Brachiopods—Orthis, Atrypa, Pentamarus, Choneles, Spirifer,
Cyrtina, Merista, Meristella, ote.

Lamellibranchs—Conocardium, Avicula,

Gastropods—Loxonema, Plaurotomaria, Murchisonia, Ewom-

§ V. B, Sonuthif wnd & Caggin Browns Rea, G.5.7. vobs, bevi p %, 1002, wud

bavii, . 2, 1033
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Trilobhites—Phacaps, ete,

Crinoide—COupressoerinug, Tarocrinus, Hexacrinus.

The Wetwin slates—The limestone and dolomite are fullowed by
an argillaceous series of yellow-coloured shales and slates of Upper
Devorian nge, known as the Wetunn alates, also fossiliferous, and
containing Lingwla, Athyris, Choneles, Janeia, Nucula and Bellero-
phon ns the commonest fossils, With the Wetwin slates are
pssociated fine erystalline dolomites and limestones with remains
of corals and foraminifers.

Carboniferous and Permo-Carboniferous—The Devonian is suo-
ceedod, in the same locality and in one continwous suvcession, by
w great development of limestones and dolomites belonging to the
Lower and Upper Carboniforous and Permian systems, which on
aceount of their forming (together with the Devoninn limestones)
the plateau country of the Northern Shan States have been col-
lectively known as the Plateaw limestone, The limestones, which
are extensively crushed and brecciated, vary from pure limestones
through dolomitic limestones to pure dolomites. There are fora-
miniferal limestones (Fusuling limestone, from the preponderance
of Fusulina in it, n rock-building foraminifer highly peculiar to
this age in many parts of the world).. The fossils of the upper
portion of the Plateau limestono yery closely correspond in facies
with those of the Productus limestone of the Salt-Range (Chapter
XT1) of Permian age. (See Figs. 16 and 24.) In tho Southern
Shan States, where the Platean limestono covers vast expanses of
the plateaun country, it has been divided into Lower (Devonian
and Lower Carboniferous) and Upper (Carboniferous and Permian)
on lithological differences, supported by some measure of palacon-
tological evidence. The supposed Devonian part of the limestone
is generally & white or grey dolomite, extensively brecuiated, and
in the main unfossiliferous; while the upper part is more calonr-
eous and containg o fauna showing affinities with the Productus
fauns of India.

The faunas thronghout the whole series of strata following the
Watwin shales are olosely related and are stamped with the same
general facies.  The Lower Carboniferous forms are not separable
from the Upper, nor are these from the Permian, For this reason
the two groups of Carboniferous and Permian rocks are described
under the name of Anthracolithic group, a grouping which was
applieable to the Permo-Carboniferous rocks of some other parts
of Indls us well, before their fossil Tuunss weore differontinted.
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The foregoing facts are summarised in the following tahle of
geological formations of the Shan States, Upper Burma:

Rhnetic.

Permo.Carbani-
ferous
{Anthraoalithic)
System,

Devonian Systom.

Silurian System.

Burme.
Napeng beds,

| Upper Plateau limestone.
Fusuling and  Prodiches
| limestones. Partly do.
E lomitic snd hrecciated,
In the main ynfossili-

[ forous.

Cryatalline dolomites aod
limestones, meh
prenshed, with Calcesla
pandaling,  Phacops,
Pentamerr, ote. (of
Padaulepin),  forming
the platesu country.

Wetwin shales with Cho.
netea nind o very rich
Devoninn fauns (Eifel-
ian}.

| Zebingyi beds, blue wod
grey flaggy _
with Graptolites, Tento-
culites, Orthocerna,.

Namshim  sandstones,
quartzose and folspath-
jc eandstones, soft
marls, and limestones
with Orthoceras, Trilo-
Hites, ote,

Nyaungbaw beds, brown

limestones with shales
containing Upper Or-
dovician fosslle
Nuungkangyi beds, vel-
low or purple shales
with thick mestones.

ila, Crthes, Stro
phoment, Trilohites.

|

|

Cther purrts.

Productus limestone
of the Balt-Range.

Pridductus sholes of
Bpitt and Zewan
beds of Kashimir,

Muth Beries and De.
voniun of Chitral.

Siluriun of Spiti and
Kaalimir.

Ordovigian of
Kashimir.
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Rurma, Cither parts.

| Chaung Magyi beds, shtljluk Haimants Efm::piu
unrtzites, sla g | and Cam of
Qunibiriaa Diywient. 1;11 gmywmhtga: un- | N.W.Kashmirand
foasiliforons. tha Salt-Range.
Mogok gueiss, gneiss and Peninsular  gneisses.
Archacan interbanded crystalline
System. limestones with intru-
sive granites.

Physical changes at the end of the Dravidian era—With the
advent of the Upper Carboniferous, the second great era of the
geological time-scalo in Indis ended. Before we pass on to the
desoription of the succeeding rock-groups we have to consider a

t pevolution in the physical geography of Indis at this apoch,
wherehy profound changes were brought about in the relative
distribution of land and ses. The readjustments that followed
theso crust-movements brought under sedimentation large arcas
of India which hitherto had been exposed land-masses, An im-
mense tract of India, now forming the northern zome of the
Himalayns, was covered by the waters of # sea which invaded it
from the west, nnd overspread North Indis, Tibet and a grest
part of China. This sea, the great Tethys of geologista, was the
ancient eontral or mediferrancan ocean which encircled almost the
whole earth at this period in its history, and divided the continents
of the northern hemisphere from the southern hemisphere. It
retained its hold over the Himaluyas for the whole length of the
Mesoznic era, and gave rise, in the geosynelinal trough that was
forming at its floor, to a system of deposits which recorded a con-
tinuous history of the nges between Permian and Eocene, This
long eyclo of sedimentation constitutes the second and last marine
period of the Himalayan area.

During this interval the Peninsuls of India underwent a different
oycle of geological events, The Upper Carboniferous movements
interrupted its long unbroken quiescence since the Vindhyan. Al-
though the circumstances of its being & horst-like segment of the
arust gave it immunity from deformations of & compressional or
orogenic kind, yet it was susceptible to another class of crust-
movements, characteristic of such land-masses, These manifested
themselves in tensional oracks aml in the subsidence of large
linear tracts in various parts of the country between more or less
vurtien] flssures of dislocation in the carth (block type of earth-
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movements), which eventunlly resulted in the formation of chaine
of basin-shaped depressions on the old gneissic land.  These basins
received the drainage of the surrounding country and began to be
filled by its fluviatile and lacustrine debris. As the sediments
aceumulated, the loaded bagine subsided more and more, and sub-
sidence and sedimentation going on pari passu, there resulted
thick deposits of fresh-water and subserial sediments several
thousand feel in vertical extent nnd entombing among them
many relics of the terrestrinl plants and animals of the time.
These records, therefore, have preserved to us the history of the
land-surface of the Indian eontinent, as the zone of marine sedi-
ments, acoumulated in the geasynclinal of the Northern Hima-
lnyas, has that of the oceans, Thus o double facies is recognizable
in the two deposition-areas of India in the systems that follow—
a marine type in the extra-Peninsula and a fresh-water and
subnerial type in the Peninsula.
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CHAPTEE IX
THE GONDWANA SYSTEM

General. The Ancient Gondwanaland—Rocks of Iater age than
Vindhyan in the Peninsuls of India belong to a most characteristio
system of land-deposits, which range in age from the Upper Car-
boniferous, through the grester part of the Mesozoie era, wp to
the ond of the Jurassie, As mentioned in the last chapter, their
deposition on the surface of the aneient continent commenced
with the new era, the Aryan era. 'This enormous system of con-
tinental deposits, in spite of some local unconformities, forms one
vust conformable and connected sequence from the bottom fo the
top. It is distingnished in the geology of India as the Gondwana
system, from the ancient Gond kingdoms gouth of the Narbada,
whore the formation was first known, Investigations in other
parts of the world, vz, in Sonth Africa, Madagascar, Australia and
sven South America, have brought to light a parallél group of
continental formations, exhibiting much the same physical as
woll as organio characters. From the above cireumstance, which
in itself is adequate evidence, as well ns from the additional
proofs that are furnished by important palacontological discoveries
inn the Jurassic and Cretaceous systems of Indin, Africa and Pata-
gonia, it is argued by many eminent geologists that land-connee-
tion existed between these distant regions stross what is now the
Indian Ocean, either throngh one continuous southers continent,
or through & series of land-bridges or isthmian links, which ex-
tended from South America to Indis, and united within the same
borders the Malay Archipelago and Australia. The presence of
land conneotions in the southern world for a long succession of
Ages, which permitted an unrestricted migration of its animal and
plant inhabitants within its confines, is indicated by another very
circumstance. It is the effect of such a continent on
charaeter and distribution of the living fauna and flors of India
and Africa of the present day. !Mugiats huve traced unmis-
13



THE GONDWANA SYSTEM 173

takable affinitiss between the living lower vertebrate fauna: of
Indin and that of Central Africa and Madagascar, relationships
which pould never have subsisted if the two regions had always
been apart, and had each pursued its own independent course of
evolution, From data obtained from the distribution of fossil
Cretaceous reptiles, especially the Sauropods, Prof. Von Huene
gnggests n distinot land-connection through Lemuria (the name
given to the Indo-Madagascar continent) to South Ameriea. ~ Ac
cording to thiz authority, the Cretaccous dinosaurs of Madhya
Pradesh belonged to the same faunistio province as Madagascar,
and there is a great similarity in the fauna of the Intter with that
of Patagonis, Brazil, and Uruguay. These facts point to umnres-
tricted inter-migration of land animals over a vast southern conti-
nent. The northern frontier of this continent was approximately
co-oxtensive with the central chain of the Himalayae and was
washed hy the waters of the Tethys.

The evidence, from which the above conclusion reganding an
Indo-African land eonnection is drawn, is so weighty and so many-
sided that the differences of opinion that exist among geologists
appertain only to the mode of continuity of the land and the details
of its geography, the main conclusion being acoepted a5 one of
the settled facts in the geology of this part of the world, The
subnerial deposits formed by the rivers of this continent during
the long series of ages are preserved in & number of isolated basins
thronghout its ares, indicating a general uniformity and kinship
of life and conditions on its surface. The term Gondwana system

has been consequently extended to indlude all these formations,

while the name of Gondianaland Is given to this Masozoic Indo-
African-American continent or archipelago. The Gondwanaland,
called into existence by the great orust-movements Wt the begin-
ning of this epoch, persisted as i very prominent foature in anclent
geography till the commencement of the Cainozoio sge, when,
collaterally with other physical revolutions in Indin, lorge seg-
ments of it drifted awsy, or subsided, permanently, mnder the
oeean, to form what are now the Bay of Bengal, the Arabian Ben,
ste., thus isolating the Peninsula of Tnidin.

The Gendwana system i in many rosapocts o unigue formation.
[ts homogeneity from top to bottom, the fidelity with which it hus
preserved the history of the land-surface of a Inrge segment of the
earth for such n vast monsure of time, thie peculiar mode of its
deposition in slowly sinking fanlted troughs into which the rivers of
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the Gondwana country poured their detritus, and the preservation
of valuable coal-messnres lying undisturbed among them stamp
these rocks with a striking individuality among the geological
systems of Indin.

The geotectonic relations of the Gondwana rocks—The most im-
portant fact regarding the Gondwana system s its mode of origin.
The formation of thousands of feet of river and stream deposits in
definite linear tracts cannot be explained on any other supposition
than the one already briefly alluded to.. 1t is suggested that the
mountain-building and other erustal movements of an earlier date,
guch, for instance, as the rejuvenstion of the Aravalli and the
Fastern (Ghat ranges, had their reaction now in the subsidence of
large blocks of the country to the equilibrinm-plane, between
vertical or slightly inolined normal fanlts in the crust. These
depressions naturally became the gathering-grounds for the detri-
tus of the land, for the drainage system must spon have betaken
iteclf to the new configuration. The continually increasing load
of the sediments that were poured into the basina caused them to
gink relatively to the surrounding Archasan or Vindhyan country
from which the sediments were derived, and thus gave rise to &
continuation of the same conditions without interruption.

Although in & general way the Gondwanas were deposited in faulted
depressions which have a general denco to the present disposi-
tion of their outorops, it shonld not be supposed that in every case
these outerops imply the original fault-bound basin. Some of the
boundary faults may ba of post-Gondwans nge. The original limits of
deposition of the individual heds now fonnd in thess basins may not

in every case to the present outerops.  The sivike of these:
faults delimiting the Gondwana basing is E.-W. in the Bengal-Bibar
ares and N.W.-S.E, iu the Mahanadi and Godavari Valleye, The
down-throws of the main bounding faults are generally unequal in
amount, e.g., on the south side of the Damodar vallsy basin the
throw iz much greater than om the north marging the basins on the
Goduvari and Mahanadi have subsided much more on their NE,
marging than on the S.W. Tt ia this drouniatance that has determined
the prevailing dip of Gondwana strata to the south in the former area
and to the N_E. In the latter. Minor cross or oblique faults are also
geen in the basins: these linve afforded channels for the later igneous
intrusions.

Tt is this sinking of the loaded troughs among the Archuean
orystalline rocks that las tended to preserve the Gondwana rocks
from removal by surfuce denudation, to which they would cer-
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tainly have Loen otherwise sibject.  The more or less vertionl
fuutlting did not disturh the original horizontal gtratification of
the deposits beyond imparting to them minor warping, or # slight
tilt now to one direction, now to the other, while it made for their

ation during all the subisequent ages. As almost all the
ooal of India is derived from the conl-seams enclosed in the Gond-
wangs rocks, this circumstance is of great economic impartance 1o
[ndis, sinee to it we ows not only their preservition from erosion,
but their immunity from all erushing or folding whioh would have
destroyed their commercial value by making the extraotion of the
coal difficult and costly.

Their fluviatile origin—The fluviatile nature of the Gondwans
deposits is proved not only by the large number of the enclosed
terrestrial plants, crustaceans, inacots, fishes, amphibinns, reptiles,
oto., and by the total absence of the marine molluses, corals and
arinoids, but also by the character and nature of the very detritus
itself, which gives conclusive evidence of deposition in broad
river-valloys and basins. The rapid alternations of conrse- and
fine-grained sandstones, and the numerous local variations met
with in the rocks, point to a depositing agenoy which was linble
to comstant fluctuations in its velocity and current, Such an
agency is river water. Further evidenoe is supplied by the other
characters commonly observed in the alluvial deposits of river
valleys, such us the frequency of fulse-bedding, the existesios of
soveral local unconformities dus to what is known aa ™ conteim-
poranecus ercsion '’ by a corrent of unusual velocity removing
the previously deposited sediment, the intercalations of finely
laminated clays among coarsely stratified sandstones, ste,

Tt is probable that in a few instances the deposits were laid down
in lakes and not in river-basins, eg., the fine silty shales of the
Talchir stage st the bottom of the system. The distinetive char-
mtuufthu&wurﬁﬂdupuaﬁahthltthumdapndm“
mﬁngdmthamrgl‘nnfthuhkumm&nm-whiohthmhu
gradation towards the centre where only the fines! silts were pre-
cipitated, Breceias, conglomerntes and grits mark the boundary
of ancient lakes, while finely lanvinated sandstones and clays are
found in the middle of the basins, Thiais froquently observed in
deposits belonging to the Talohir series.

Climatic vicissitodes—The Gondwana system in of interest in
mmmﬂ-mmwuufcﬁmmmm The
h?uldﬂvba&ltiuhﬁhlhuinfthnmld.nflwﬁpﬁﬁn
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commencement of the poriod, an infersmos that » vormobwrated,
and at the same time much extended in its pppliention, by the

oo of boulder-beds ut the same horizon in such widely
separated sites as Hazarn, Kashmir, Simla, Salt-Range, Rajpu-
tana, Madhyn Pradesh and Orissa, This Uppér Carboniferous
glaeial epoch is & well-established fact not only in India, but in
other parts of Gondwanaland, ¢.g., in Australia and South Africs.
The thick coal-seams in the strata of the succeeding epoch, point-
ing to & superabundance of vegetation, suggest & much warmer
olimate. 'This is followed by another cold cyele in the next series
{the Panchet), the evidence for which is contained in the presence
of undecomposed felspar graing among the clastio sediments,
The last-mentioned fact proves the existenoe of ice among the
agents of denudation, by which the erystalline rocks of the surface
were disintegrated by frost-action, and not decomposed as in normal
olimates. The thick red Middle Gondwana sandstones succeeding
ihe Panchet beds indieate arid desert conditions during a some-
what later period, s conclugion warranted by the prevalence n
them of so much ferruginous matter coupled with the almost total
absenoce of vegetation,

Lifo of the period—The organic remuains entombed in the sedi-
ments of the Lower Gondwana division are predominantly plants,
members of the Gangamopleris and Glossopteris flora; they were
succeeded by characteristic Middle and Upper Gondwana floras.
These floras are numerous snd of great biological interest, as
furnishing the naturul history of the large continent; but they do
not help ua in fixing the homotaxis of the different divisions of
the system, in terms of the standard stratigraphical scale, with
other parts of the world, The palacontological value of terrestrial
and fresh-water fossil organisms is limited, as they do not furnish
a continuous and conneoted history of their evolution, nor is the
geographical distribution of their species wide enough, as is the
case with the marine molluses, echinoderms, ete. Plant fossils
are abundant, and are of service in enabling the different groups
of exposures to be subdivided and correlated among themselves
with some degree of minuteness. The lower Gondwanas eontain
numerous pteridosperms, ferns and equisetums; the middle part
of the system contains n fairly well differentiated invertebrate as
waoll as vertebrate fauna of crustaces, insects, fish, amphibis, and
eroeodilian and dinosaurian reptiles, besides plants, while in the
upper division there is again a rich assemblage of fossil plants,
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now chiefly of the higher vegetable sub-kingdom {spermaphyta),
eyends and conifers, with fish and other vertebrate roniaing.

A suecession of distinet flores has been worked out from the
shalo and sandstons beds of the various Gondwana divisions by
palaeohotanists, and distinguished as the Zalchir, Demuda,
Raniganj, Hajmahal, Jabalpur flora, eto,, each possessing some
individunl characteristic of its own.

The iselation of Gondwanaland from the northem warlid in the
Peemi-Cirboniferous is indicated by its individualised fossil Horas.
The contemporaries of the Gangemopteris and (Hlossopleria flora
were the Giganiopleris flora of North America and Chins, the
Angaraland flora of Siberin und North Europe, and the Lepido-
dendron and Sigillaria flora characteristio of West Enropean

Frin. 16— Sketels map of typial Gondwans. ootcro.
Carboniferous conl-mensures, all unlike each other, The last-
named flors was the direct descondant of the old Rhacopteria flora
which pervaded the whole world in the heginning of the Carboui-
ferous, While there are s few forms common t0 the Gondwana
and the Angaraland floras (probably due to some island or
isthmus. connéction scross the Tethys via Rushmis and the
Pamirs, during the Talohir-Damuda period), thers is nothing in
sommon between the Gondwanas and West Earopean Hloras, or
the China and Indo-Chins floras. The diversifieation from the
uniform Rhacoptiria flora was brought about by the great geo-
graphicsl revolutions of the Heroynian epoch—an epoch of great
sarth-movements proceding the Upper Carbaniforous.

Land-bridge between Gondwanaland and Angaraland—The idea
of a narthward migration of Gondwanaland plants to the northem

continent of Angaraland was = forty years ago by the
dhmmyurmmemukndaﬂniﬁuoinumimmd Siberinn fossil
L
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plnnits with the Glossopteris Hora of Indin.  Zalessky advocated
the view of intormigration, and suggestod an isthmus conmeoting
the two continents aoross the Himalayan sea. Field work in
Kashmir has proved that during the greater part of the Silurian-
Middle Carboniferous interval dry land existed in N.W. Punjab,
Salt-Range, Hazara, and Kashmir, to as far north as the Pamnirs.
1n all these dress the Cambrian, Ordovieisn or Silurian strata are
averlain by the Upper Carheniferous; commenecing with the Panjal
Voleanie series, with o pronounced and widespread regional un-
conformity. This mid-Palacozoic land-mass of Kashmir must
have Functioned as a land-bridge between the twe continents
before the Upper Carboniferous age. Even during the Upper
Carboniferous, the Kashmir part of the Tethys must have been
studded with an archipelago of voloanio islands whioh may well
have permitied an interchange of land plants.

Both the supporters of Wegener’s theory of Continental Drift
and its opponents lave looked for evidence in support of their
reapective views in the later geological history of the different
units of Gondwanaland. The separation of the now . disorete
units of the one continuons southern cantinent of the Palasozoio
(Pangea) wis birought about, aceording to one view, by the drifting
away (i.2., north-easterly drift) of Indis from Africa; nnd by the
fragmentation and foundering of large segments of the land under
the oceans, aceording to the other.

Palasontological facta clearly show that the Indian Mesozoio
systems, from the Trias to the Dunian stage of the Cretaceous,
are more closely related to thoee of Madagascar and South Afriea
than to Burope. Only at the end of the Cretaceous does the fauna
encloged in the Infra- and Inter-trappean beds show relstionships
to Sind, Persia and firther west, In an important paper on the
geographical relations of Gondwanaland, the eminent American
geologists, Schuchert and Bailey Willis, present geological and
biogeographie evidence which strongly supports the existence of
lnnd-bridges or isthmuses of the nature of Cordillerns, rather than
s continuous land-mass, connecting Brazil, Africa and Indis,
from the pre-Cambrian to the end of the Cretaceous. A, L. du
Toit, on the other hand, supports the hypothesis of continental
drift in » paper on the geologioal comparison of the sedimentary
gequence in South Americs with that in South Afriea.!

Distribution of the Gondwans rocks—Outarops of the Gondwana

1 Beo nlao his Our Wondering Contingnrs, London, 1937,
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syatem are scattered in & number of more or less isolated basine
(see Figs, 16 and 17) lying in the older rocks of the Peninsula along
certain very definite lines, which follow approximately (though
not always) the courses of some of the existing rivers of the
Peninsula. Three large tracts in the Peninsula can be marked out
as prominent Gondwans areas: (1) & large linear tract in Bengal
along the valley of the Damodar river, with a considerabla nrea in
the Rajmahal hills; (2) an extensive onterop in Madhya Pradesh
prolonged to the south-east in & belt approximately following
the Mahanadi valley; (3) & series of more or Jess eonnectod
tronghs forming an elongated band along the Godavard river from
near Nagpur to the head of its delts, Besides these main areas,
outliers of the Upper Gondwans rocks ocour in Kathiawar, Cuteh,
Western Rajputana and, the most important of all, along the
enst const, Similar rocks, containing typiedl Upper Gondwana

Eﬂhﬂu Eﬁwm PRl 8 ] g !mnm FSEF [P ]
F1o. 17— Poctonin relations of the Gondwana tocks.  Vertical
eenbe exnggorntod.
ylon in two small faulted basins.
is not confined to the Peaninsulasr
sinoe we find autliers of the Lower Gondwanas

tothnnurthnfthrsm:lnm!umuwnthar'ui&uufthulu&u-

cyends and ferns, are found in Ce

The Gondwana system, however,
part of India only,

Cangetic alluvium, st such distant centres aa the Punjab Salt-
Range, Shekh Budin hills, Hazara, Afghanistan, Kashmir, Nepal,
Sikkim, Bhutan,! Assam, and the Abor country.®

From what has been said regntﬁingihtirmx}d!nfuﬁginmd
their geotectonic relations with the alder rocks into which they
have been faulted, the above manner of disposition of the Gond-
wana outerops will casily be spparent. It also follows that the

boundaries of the outorops am & marked off on all sides,
and that there is & zone of somewhat disturbed snd fractured

rmknhmgthuhumdwrywhikthumﬁnhodyufthum&lh

comparntively undisturbed. These are actually obsorved facts,

sinoe the Gondwana stratn never show any folding or plieation,

the only disturbance being a gentle inelination or dipping, usually

to the south but sometimes to the porth and north-east. The
Y foe G.8.1. vel, saiioph 1, 1006, % Hee, A1, ol 2l - 4, 1903
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extra-Peninsular vcourrences, on the other hand, have been much
folded and eompressed, along with the other rooks, und as a con,
oo the sandstones, shales and coal-seams have been meta-
morphosed into quartzites, slates and carbonaceons (graphitic)
sohists. These oxtra-Penisular ocourrences are of interest as
indicating the limit of the northern extension of the Gondwana
continent and the spread of its peculiar flora snd fayma.
(Classification—The system is classified into three principal divi-
sions, the Lower, Middle, and Upper, corresponding in a geneml
way respectively to the Permian, Triessic and Jurassio of Europe,
The following taliles show the division of the principal sections
into weries and stages, their distribution in the different Gondwana
areas and the names by which they are recognised in these areas;

1. Broad Correlation of the Gondwana System of India with equiva-
lent deposita of other parts of the Southern Hemisphere. [C. S. Fox.|
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1. LOWER GONDWANA SYSTEM

Talchir series—Tho lowest beds of the Lower Gondwans are
known as the Talchir series, from their first rocognition in the
Talchir district of Orissa, The secies is divided info two stages,
of which the lower, the Tulchir stage, has o wide geographical pre-
valence, and is present in all the localities where Gondwasna rocks
are found, from the Rajmuhal hills to the Godavari and from
Runiganj to Nugpur. The group is quite homogmeous and uni-
form in composition over all these arcas, and thus constitutes a
valuable stratigraphical horizon. The component rocks (300-400
feet thick) wre green laminated shales and woft fine sandstones,
The sandstones contain undecomposed felspar grains, o fact which
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suggests the prevalence of land-ice and the disruptive notion of
frost. (ilacinl conditions am, however, more clearly indicated by
a boulder-bed also of very wide prevalence in all the Gondwans
areas, containing the charmcteristically glaciated, strinted nnd
facetod blocks of rock brought from afar and embedded in a fing
silt-like matrix. The pressmce of this matrix suggests s fluvio-
glacial agency of teansport and deposition rather than glacial,
The boulders and blocks were transported in flosting blooks of
ioe, and dropped in the Talchir basins, in which the deposition of
fine silt was going on, Proofs of similar glacial conditions at this
stage exist in many other parts of India, viz. the Aravallis, Raj-
putana, Salt-Range, Hazara and Simla. The Aravallis in the
north and the Eastern Ghats in the south-sast were, it appears,
the chief gathering-grounds for the snow-fields at thix time, from
which the glaciers radiated out in all directions. Many parts of
the southern hemisphere, as shown in the table on page 180, ex-
perienced glacial conditions st this period. Boulder-conglomer-
ates (tillites) homotaxial with the Talehir stage occur in South
Africa (Dwyka series), south-east Australia (Murree Series) and
in Bouth America (Itarara boulder-beds).

Talchir fossils—Fossils are fow in the Talchir stage, the lower
beds being quite unfossiliferous, while only a few remains of
terrestrial organisms are contained in the upper sandstones; there
are impressions of the fronds of the most typical of the Lower
Gondwana seed-ferns Gangamopteris, and Glossopteris with its
characteristio stem named Ferfebraria; also spores of various
ghinpes have been found on some fertile fronds; wings of insects,
worm-tracks, eto. are the only signs of animal life. The Talchir
stage is suceeeded by a group of coal-bearing strats known ns the
Karharbari stage, 500-800 feet in thickness, also of wide geographi-
oul prevalence. The rocks are grits, conglomerates, felspathio
sandstones and s fow shales, containing seams of coal. Plant
fossils are numerous, the majority of them belonging to genera of
unkmown affinity, provisionally refarred to the class of seed-ferns
(Pteridosperms), The chiel genora are:

(Pteridosperms) Gangamopleris—several apeciss—this genua
being representod t its best in the Kurharbari stage, (llossopteris
snd ite stem Verfebraria, Gondwanidium [formerly known as
Neuwropleridium).

(Cordaitales) Nosggerathiopais, Huryphylium.

(Equisetales) Schizonenra.
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{Incertae) Buriada, Ottokaria, Arberia.

Besides, thero occur the seed-like bodies Samaropsia and Cordai-
carjis, as well as seales with an entire or lacerated margin.
Damuda series—The Talchir series is succeeded by the second

division of the Lower Gondwanas, the Damuda series, the most
important portion of the Gondwana system. Where fully de-
veloped, as in the Damuda nrea of Bengal, the series is divided
into three stages, in the descending order:

Raniganj—5000 feet.

Ironstone shiles (Barren measures)— 1400 feet.

Barakar—2000 feet,

Of these the Barakar stage, named from the Barakar branch of
the Damodar river, alono is of wide distribution smong the Gond-
wanis basins outside Bengal, viz. in the Satpura and the Mahanadi
and Godavari valleys; the middle and upper members are missing
from most of them, being restricted chiefly to the type-area of
the Damodar valley. The Bavakar stage rests conformably upon
the Talehir series, and consists of coarse, soft, usually white,
massive sandstones and shales with coal-seams. The Barakars
comtain & large quantity of eoal in thick coal-seams, though the
quality of the coal is variable, The percentage of carbon is
sometimes so low that the eoal passes into mere carbonaceous
shale by the lurge ndmixture of elay. 1t is wsunlly composed of
alternating bright and dull layers,)  The coal is often sphoroidal,
i.e., it breaks up into ball-ike masses. The fronstone shales nre
» great thickness of carbonaceous shales with eonoretions (Sphnero-
sidetites) of impure iron carbonite and oxides. They bave
yielded much ure of iron formerly used in the blast-furnaces of
Bengnl, ‘This stage, which is about 2000 feet thick, also known
under the pame of Herren measwres, from its total lack of oonl
seams, cansists mostly of sandstones and earbonaceous ghales.
The stage is met with in the Jharia and Karanpura coalfields but
when followed westwards it merges into the overlying Raniganj
series. ‘The group is of b most inconstant thickness nud appears
only at n few localities in the Damuda area, being altogether
missing from the rest of the Gondwana areas. This is succeeded
hj’thnﬂmipwjmufﬂulhmuﬂnmim‘.nmmdﬁmﬂm
important mining town of Bengal, The Rauiganj stage is.com-
posed of massive, false-bedied, conrse and fine sandstones and
VU & Pox, Nataral Tspory of Indien Coal, Mem. G281 i, 1031,
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red, brown and black shales; with numerous interbedded coal-
seans. The sandetones are felspathio, but the felspar in them iy
all decomposed, i.e., kaolinised. The coal is abundant and of
good quality as a fuel, with a percontage of fixed carbon genemally
above 05,

Igneous rocks of Damuda coal-measures—AMany of the coalfields
of the Damodar valley, especially thoge of the eastern part, are
invaded by dykes and sills of dolerite and of an ultm-basic rock
which have wrought mueh destruetion in the conl-seams by the
contact-metamorphism they have induced, The invading rock is
» mica-peridotite, containing s large guantity of apatite in the
Damodar valley, and dolerite or basalt (Decoan trap) in the
Satpurs and Rewah arens. The peridofite has intruded in the
form of dykes and then sproad itself ont in wide horizontal sheets
or gills. Ancther intrusive rock is n dolerite, whose dykes are
thicker, but thoy are fewer and are attendod with less widespread
destruction of coal than the former,

Effects of contact-metamorphism-—The conl is converted into
coke, and its economie utility destroyed. The reciprocal effects
of contact-metamorphism on the peridotite as well as the coal are
very instructive to observe. The peridotite has turned into a
pale earthy and frinble mass with bronze-coloured scales of mica
in it, but without any other trace of its former crvstalline structure.
On the other hand, the coal has soked or even burnt out, becoming
lightand cindery, and at places it hasdeveloped prismaticstructure.

The Damuda flora—The Damuda fossils are nearly all plants.
The Hora is chiefly oryptognmio, associnted with only a few spor-
maphytes. It is exoeedingly rich in Preridosperm leaves of the
net-veined type, the genus (Flossopleris here attaining its maxi-
mum development, while Gangamopteris is on the decline. The
following are the moat important genera:

{Pteridosperms}—Glpssopteris with Verfebraria, ot least nine
species, several of them confined to the Raniganj stage, Gangu-
mopteris, Belemnopleris, Mivianopteris, Sphenopteris, Pecopteris,
Palaepvittaria.

(1 Ginkgoalos)— Rhipidopsis,

{Cordaitales}—Noeggerathiopsia, Dadozilon,

(Cyeadophiyta)—Taeniopteris, Preudoctenis,

(Filicales) —Cladophlobis,

(Equisotalea) —Schimeura, Phyllotheca,

(Sphenophyllisles)—S phevophyllum.
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{Lyoopodiales)—! Bothrodendron.

{Incertae)—Barakaria, Dictyopteridium, scales, seeds including
Samaropsis and Cordaicarpus.

The animals include Estheria, Labyrinthodonts and some Fishes,

The Damuda series of other areas—In the Sutpura wrea the Da-
ninda series is represented, in its Barakar and Raniganj stages, by
about 10,000 feet of sandstone and shale, constituting what are
known as the Barakar, Motur and Bijori stages respectively of this
provinee. The Mohpani and the Pench valley coalfields of the
Satpura region belong to the Barakar stage of this series, In the
strata of the last-named stage, at Bijori, there oceur bones and
other remains of & Labyrinthodont (Gendwanosaurus). Other
fossils includi scales and foeth of ganoid fishes, and seed-ferns and
oquisetums identical with those of Bihar. Tt is quite probabls
that large expanses of the Lower Gondwana rocks are buried under
the basalts of the Sutpuras, and they must have contained, and
possibly still contain, some valuable coal-seams,

Another nrea of the Peninsuls where the Damuda series is recog:
nised, though greatly reduced and with a somewhat altered facies,
is in the Godsvari valley, where a long but narrow band of Lower
Gondwana rocks stretehes from the old coalfield of Warora to the
neighbourhood of Rajahmundry. The Barakar stage of the
Damuda series provails in these outerops which bear the coal-
fields of Warors, Singareni, Ballarpur, ete.

One more outerap of the Damuds group is seen in the Rewal
State, Vindhys Pradesh, which st one or two places hins wiorkabile
coal-semms, g, in the Unaria field. The division of the Lower
Gondwans exposed in this field also is the Barakar, The Raniganj
stage is in Nagpur, Chanda and the Wardha Valley
by the Kamihi beds; by the Bijors stage in the Satpuras; by the
Pali beds in South Rewah; snd the Himgir beds in the Mahanadi
Valley.

Iiuinnhﬂs of the Damuda and Talchir series—Few probloms
the gmlngyu[indinhlwmmdgmnh!rmnw thun the
problem of the lower age limit of the Gondwana system. The
Talohir series has been referred, by different authors, to almost
every stratigraphic position from Lower Carboniferous to Trias.
The discovery, however, of & Lower Gondwann horizon in Kash-
mir, bearing the eminently chamcteristio genera Gangamoplars
and Glossopteris pverlying the Upper {Carboniferous and under-
Iving marine fossiliferous steata of undoubtedly Perminn nge, s
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settled the question beyond doubt. A similur oceurrence of
Lower Gondwana plants has been noted in the Lower and Middle
Productus limestone of the Salt-Range, the marine fossils of which
pont to Lower and Middle Permian affinitics.  The Upper Car-
boniferons, or Permo-Carboniferous, age attributed to the Talehir
glavial horizon by this ciroumstance is quite in keeping with the
internal evidence that is furnished by the Talchir and Damuda
flores, ns well as by the fish and labyrinthodont remains of Bijori,
The ocourrenve of Ewrydesma cordatum and the typical Lower
Gondwann fossil plants Gangamopteria and Glossepleris in sand-
stones directly overlying the glacial boulder-bed of the Salt-
Range, and considerably below the horizon of the Lower Productus
limestone containing the Fusulinid, Perafuseling baloensis (a
Permian form ), places the boulder-bed at the top of the Moscovian
or at most in the Uralian.  Over 500 feet of sandstones and shales
containing intercalations bearing fossil fronds of genera belonging
to the (llosaopteris Hora of the Talchir horizon separate the two
zones. The eminent American palacontologist, Professor Charles
Schuchert, has, however, ascribed a definitely Permian (Lower to
Middle) age to the Talchir glacial epoch.

Further positive evidence leading to the same inference is sup-
plied by the Lower Gondwanas of Vietoria and New South Wales,
Australin. Here, Gangamopleris and other plant-bearing beds of
undoubted Gondwana facies, nnderlain by a glacial deposit identi-
cal with the Talchir boulder-bed, are found interstratified with
marine beds whioch contain an Upper Carboniferous fauna with
Eurydesma, resembling that of the Speckled sandstone group of
the Salt-Range,

Economies—The Damuda setigs contains a great store of mineral
wealth in its conl-measures, and forms, economically, one of the
most produetive hovizons in the geology of Indis. Tt contains the
most valuable and best worked coal-flelds of the country. The
mining operations required for the extrmetion of coal from these
rocks nre comparatively simple and easy boeanse of the immunity
of the Gondwana rocks from all folding or plication.  Also, mining
in India is not so dangerous, on acoount of the less common asao-
ciation of highly explosive gases (marsh-gas or * firedamp ") with
the ecoal, us compared with European conl fields. There are, how-
ever, special difficulties associated with the working of thick
seams, and fires and subsidences in mines have proved very
troublesome,
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Although vonl ocdirs in Endin in deter geological formatiomm als—
e in the Tortiney of Assam, Panjab, Bajputans sad Baluchistan, and
in the Jurassio rooks in Coteh and Kalabogh—the Damude sitios s the
principal souree of Tndinn coal, contributing over 50 per cent of the
total Indian produetion, now about 34 million tons por sooum.. The
principal ooalfields arc: Bihar and adjoining aren: Ranigamj, Jharis,
Giridih, Bokaro, Kumnpurs antl Rampur, Madhys Pradesh: Ponch
Valley, Ballarpur and Korea ; Orissi - Talchor ; Hyderabad : Singa-
reni, Tandur, The RBanigin] coalfisld covers an ares of 600 syuare
milez; vontaining many seam# of good ooal with interbodded irom-
stones, The thickoess of jndividusl seams of coal iz great, 40 to
50 feot, with oconsional seama 80 feet thick. The annual sutpot of
coal from Raniganj collieries i 8} million tons.,. The Jhoria fold is
sinaller in area but has st present the largest output, searly 12 million
tons per nunnm. T4 8 the most Important conlfivld of Tndin, with the.
largest resourees in coking voul. The coal of the Jharis fold belongs
in geological age to the Barakar stage. 1t has less moisture and a greater
proportion of fixed carbon than that of the Raniganj stage, which has
maore water and greater volatile contant, The coalfields of Karanpura
and Bokaro, to the west of Jharia, contain thick seams of valunble eoal,
only a emall portion of which I8 coking cval. The Damodar Valley
fields yield nearly 80 per cent of the total coal production in India.
Of the remaining Gondwana coalfields of India those of Pench Valley,
Ballarpur, Korea, Talcher, Bingareni and Tandor are the more impor-
tant. Their aggregute yiold is a little over 4 million tons. Commeseial
produstion of coal begun in Indis in about 1855 and the total econsump-
tion to date has been of the order of nearly 650 million tons.

Indin's resourves in coking coal are almost confined to the Jharia field
ond parts of the Giridih and Bokaro fiells. The coal of the Gliridih field
is free from phosphorus and is, therefore, of valuein the muammfaoture of
forro-manganese. Fuel research experiments diritg the last few years
have indionted the possibility of refining high-volatile, high-ash coals
by washing and fiotation; by this means, and by hlending of suitable
varicties, some non-coking coals can be used for coke making.

Besides coal, iron is the chief product from the Damuda rocks,
while beds of fire-clay, china-clay or knolin, and terra-cotta clays,
for the manufaeture of fire-bricks, earthenware and poreelnin, eto.,
oceur in considerable quantities in Bihar snd Madhya Pradesh.
The Barakar sandstones and grits furnigh excellent materinl for

millstones.

Classification —During recent years Dr. G. de P. Cotter, in an
attempt to subdivide the Gondwana system on a palaeobotanioal
basis, has fonnd it more appropriate, on the evidence of an inter-
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esting suite of plant fossils obtained from the Parsord sbeds of
South Rewah, to inchide among the Lower Gondwanas the thick
eone of steata which overlics the Damudy sevies and underlies the
Rajmahal, embodying in fact the group that had been here treated
as Middle Gondwana.  Dr. Cotter named these strote in gquestion
the Panchet serica (divided into three stages—Panched, Maleri and
Pargora), and grouped them along with the Talchir and Damuds
series in the Lower Gondwana.  Dr. €, 8. Fox in his compreben-
sive Memoir on the Gondwann system has adopted & different
grouping of this middle series.  In his scheme of classification the
Maleri and Parsors series are included in the Upper Gondwanas
while the Panchets are grouped with the Tower.

The flora of the beds placed in the Parsors stage by Cotter still
needs & eritical examination., Possibly the fossils belong to two
distinet horizons, the older (containing o typical (Hossopleris flora)
definitely belonging to the Lower Gondwanos, the younger (with
Thinnfeldia ns the dominant genus) belonging to the Middle or
Upper Gondwanas,  According to Sewnrd and Sahni the affinities
of the latter flora are also distinetly with the Lower rather than
with the Upper Gondwana (see page 194), Sshni held the view
that on the palaechotanical evidence the Parsors beds cannoot
possibly be olassed s Jurassio. The clussifieation that is here
adopted was originally based on the views of Feistmantel and
Vredenburg, but chiefly on lithological grounds and the life and
physical conditions of the period embracing the Middle Gond-
wanus, which were strikingly different from those prevailing in
the Dumuods and Rajmahal ems,

The presence of red bods, indicating arid or semi-desert. vonditions
supervening on the dump forest climate of the Damuda period, the
Triassiv affinities of the fossil reptiles anil stegocephalian amphibia,
and the coincidence of the Palaso.Mesozojo boundary st the bass of
the Panchets with the unconformity at the top of the Ranigunj series
are features distinguishing the Middle Gondwana group. The total
extinction of Gangomopteris und the Sphenophyilules after the Damuda
epoch i widespread, and denotes o datom.line of some importance.
The Middle Gondwann was also the epoch of most extensive land-
conditions in India.  During the Upper Gondwana, epeiric seas began
to encroadh on jta borders from the north-west wnd sonth-esst.

Lower Gondwana of the Himalayas—At several localities along
the foot of the Himalayns, from Hazar to Assam, strips of Lower
Gondwana rocks are found sandwiched in between the Tertiaries
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and Older Himalayan strata, sometimes with conl-seams of
Barakar or other horizons. These onteraps are genemlly narmow
and structurally much disturbed, nsually thrust over the Siwaliks
of the foot-hill zono to the south, Only i the Kashmir area do
these rocks attain any development and exhibit normal strati-
graphic relations to the Permo-Carboniferous.  The Lower Gond-
wanas of Kashmir are descoribed in Chaptor X1,



CHAPTER X
THE GONDWANA SYSTEM (ponfinued)
2. MIDDLE GONDWANAS

Berwiks the upper beds of the Damuda serios and the next over-
lying group of strata, distinguished as the Panchet, Mahadev,
Alaleri and Parsora series, there is an unconformable junetion; in
addition there exists s marked discordance in the lithological
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Fro, 18 —Skotel mup of the Gondwmns rocks of the Satpurs wre.

L. Archasan, 4. Pachmarhi [Kumthi]. i Jabalpur.
%, Talehir, A, Dy (Malerd) and Bagra. 7. Decean Trap.

& Dl
Medlicotl. Mem, 8.1 vol. x [ 1S73),
composition and in the fossil contents of these groups. Fur these
reasons the series overlying the coal-bearing Damndas have been

separately grouped together under the name of Middle Gond-
wanas by E, W. Veedenburg,! Usually it is the practice to

' Sunnary of the ﬂqulnﬂ, Culemtin, 1010,
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regand a portion of the latter group as forming the apper portion
uf the Lower Gondwanas, and tho remaining part as belonging to
the bottom part of the Upper Gondwanas, baot, in view of the
nbove dissimilarities, as well as of the very pronounced lithological
resemblance of what are so distingnished as the Middle Gond-
wanas to the Triassic system of Europe, it i8 convenient, for
the purpose of the studemt at any mate, to regard the middle
divigion as a sepamte section of the Gondwana system,

Rocks—Thi rocks which sonstitute the Middls Gondwanas are
n great thickness of massive red and yellow conrse sandstoties,
conglomerates, grite and shales, altogether devoid of coal-senms
or of carbonaceous matter in any shape. Vegotation, which
flourished in such profusion in the Lower Gondwanus, beoame
scanty, or entirely disappeared, for the basins in which corrse red
sandstone were deposited must have furnished very inhospitable
envircnments for any haxurisnt growth of plant life. The type
arca for the development of this formation is not Bilar but the
Mahadey hills in the Satpurs Range, whete it forms n continuous
line of immense esonrpmonts which sre wholly composed of un-
fossiliferous red sandstone.  (See Fig. 18, sketoh mup of the Mid-
Gondwanas of the Satpura area, and Fig. 19, generalised section
across it.) On this aceount the Middle Gondwanas have also
recaived the name of the Mahader serics, The milway from Nag-
pur to Itarsi affords & fine view of these southward-facing scarps
from a point west of the formor site of Asirgarh (Fig, 18). Other
localities where the strata are well doveloped, though not in equal
proportions, are the Damuda valley of Bihar and the chain of
basins of the Godavari area. The whole group of the Middle
Gondwanas is subdivided into three series, of which the middle
alone is of wide extension, the other two heing confined to one or
two local developments:

Maleri (and Parsore) serics—varinble thickness.
Mahadev (or Packmarhi) series—3000 feet to 8000 feet.

Panchet series—The Panchef series rests with o slight uncon-
formity on the denuded surface of the Raniganj stage but al same
localitics the Panchets overlap on to the Barakar stage. The
beds consist of alternations of fine red clays and coarse, mivaceous
and felspathio sundstones, oocasionally containing rolled fragments
of Damuda rocks. The felspar in the sandstones is in undecon-
posed grains.  Characteristic Panchet plant fossils are Schizo-
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nesr gosuliognengis, Gloseopleria, Verte-
braria indica, Preapleris concinna, Cyelop-
feris, Thinnfeldia, The group is of im-
portance as  containing many  well-
preserved remaing of vertebrate animals,
witording us a glimpse of  the higher
land-life that inhabited the Gondwana
confinent. These vortebrate fossils consist
of the teeth, seales, scutes, jaws, vertebras
and other bones of lncustring and fresh-
water fishes, amphibians and reptiles.
Three or four genern of labyrinthodonts
{belonging to the extinot order Stegoce
phalia of the amphibians) have been dis-
covered, besides several genern of primi-
tive and Jess differentinted reptiles,

Panchot fossils:

{Amphibin) Gondoglyptus, Glyptogna-
thies, nnd Pachygonia; (Fish) Am-
Wypterus; (Reptiles) icynodon and
FPtychosiagum and the dinosaur
Epicampodon. The fresh-water
crustacean Estheria is very nbun-
dant st places.

Mahadev series—The Mahader series,
locally also named Pachmarhi, is the most
conspicuous and the best-developed mem-
ber of the Middle Gondwana in Madhya
Pradesh. Near Nagpur it consist« of somo
4000 feot of variously coloured massive
sandstones, with ferruginous and mies-
ocons elays, grits and conglomerates.

The most typical development of the
sevies j2, howover, in  the Mahadev
and Pachmarhi hills of the Satpura
range, whers it is exposed in the gigantic
escarpments of these hills. Tt uncon-
formably overlies the Bijori stage there
(Raniganj stage of Damodar valley area).

Here the series is composed essentinlly of
thick-bedded mussive sandstones, looally
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callerd Pachmarhi sandstones, variously ooloured by ferrginous
matter; in addition to sandstono thers are & fow shale
beds which also contain a great desl of ferruginons matter,
with sometimes such & concentration of the iron oxides in
them locally that the deposits are fit to be worked as ores
of the metal. The sandstones as well as shales are frequently
mieaceous. The shales contain beautifully preserved leaves of
seed-ferns and equisetaceous plants along their planes of lamina-
tion. Some animal remains are alo obtained, including parts of
the skeletons of vertebrates similar to those ocewrring in the
Panchet beds. The most important is an amphibian—Brachyope,
This lahyrinthodont was obtained from a quarry of fine red sand-
stone which lies at the bottam of the series forming a group known
us the Mangli beds near the village of Mangli. The fora of the
Pachmarhi series consists of seed-ferns and equisetums, seversl
species of Fertebraria and Phyllotheea being found with the ferns
Hossopteris, Gangamopteris, and Pecopleria, Angiopleridium, anil
Thinnfeldia, the species 7. hughesi being very characteristic of the
Pachmuarhi. This flora resembles that of the Damuda series in many
ofits forms, being for the most part the survivors of the latter Horw.
Maleri series—The Maleri (or Denwa) series comes generally
conformably on the top of the last, Its development is restricted
to the Satpurn and Godavari regions. Lithologically it is com-
posed of n thick series of cluys with s few beds of sandstones.
Animal remains are abundant. The shales are full of coprolitic
remains of reptiles. Teeth of the Dipnoid fish Cefodus, similar
to the mud-fish living in the fresh waters of the present day, and
bones of Inbyrinthodonts like Mastodonsaurus, Gonduanasauris,
Capitosaurus wnil Metopias are met with in the Malori rocks of
Satpura, recognised there under the name of Denwa and Bagra
beds. Throe reptiles, identical in their zoologieal relations with
those of the Trias of Europe, are also found in the rocks; they are
referred to the geners Hyperodapedon (order Rhynchocephalia),
Belodon, and Parasuchus (order Crocodilia).  The Maleri horizon
isrecogmised in the Tiki bedsin south Rewah, which gontain, besides
the above-named reptiles, Colurasauria, Brachysuchus and Sauro-
. The Maleri group is well represented in the Goda-

vari valley in the Hyderabad State also, and it s from the dis-
covery of reptilinn remains at Malori, & village near Sironeha, that
the group has taken its name. Tt here rests with an unvonformity
on the underlying Mangli, or Panchet, beds and consists of bright

L
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red elays with pale-coloured sandstone beds.  The shales are full
of coprolite remamns of reptiles together with their teeth, vertohrme
and limb-bones, the nbove three fossil genéra having beon mot
with here also. Other fossils from the same locality include
apecies of Ceratodus and reptiles of the genern Hyperodapedon
and Parasuchus. While the animal fossils clearly indicate a
Trinssic age, some plant-remains recorded by Feistinantel! from
Naogaon west of Maleri are characteristio Upper Gondwann fossils
common in the Kota and Jabalpur stages, and would point
definitely to a Jurassic horizon. These species are Arancarites
culchensiz and Elatocladus jabalpurensia®

The Maleri group is snoceeded by the Aofa stage. Its affinities,
however, are with the Upper Gondwanas, and it will be deseribed
in connection with them. The combined groups were sometimes
designated ss the Kofa-Maleri stage. Reptilian fossils have also
been collected from the ki beds of South Rewah, representing
approximately the Maleri horizon of other Gondwana centres.
The Tiki sandstones and shales have yielded some fragmentary
bones, among which are maxillne and vertebrae of Hyperodapedon,
testh and other rolics of Dinosaurs, together with shells of the
freahi-water lamellibranch ['nio.

The Parsora stage: This namoe is given by Dr. Cotter to a group
of beds in South Rewah, stratigraphioally denoting a horizon cor-
responding roughly with the Rhaetio stage of the Trias. These
heds form the typical Middle Gondwanas of Feistmantel. The
Parsoras huve vieldod a flors of somewhat uneertain affinities
containing slementa of both Lower and Upper Gondwana type
which still await o critical examination. Among the fossils col-
lected from the villages of Parsorn and Chicharia the dominant
genus is Thinnfeldia {Diovoidium). This is represented by T.
(D) hughesi and several species allied to those known from other
parts of Gondwanaland, whore the introduction of the Thinnfeidia
element marks the later (Permo-Trinasic) phases of the (Hossop-
teriz florn.  From localities further south a flora apparently some-
what older, with Glossopteriz aa the chief genus, has been collocted.
It iz possible that the latter is a typical Lbwer Gondwana flor,
distinet from the northern set characterised by Thinafeldia. In
that case only the beds round Parsora should be included in the

Middle Gondwanns,
! Beo Foistmantel, Pol. Indien, Mﬂuw the Gomedwnna Systess (1877},
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-

Trinssic age of the Middle Gondwanas—From the foregoing
account of the Middle Gondwanas it must have been cleac that
they agree in their lithology with the continental facies of the
Trinssdo (the New Red Sandstone) system of Europe. At the
samo time the terrestrial forms of life, like the erustaceans, fish,
amphibia and reptiles that are preserved in them, indicate that
they arv a5 akin biologically us they are physically to the English
Trins. There are, however, no Indications in these rocks of that
wonderful differentintion of reptilisn life which began in the
Trinssic epoch in Europe and America, and gave rise, in the
suoceeding Jurassio period, to the numerous highly specinlised
rces of reptiles that adapted themselves to life in the sen and
in the air s much as on the land, and perfarmed in that geological
ago much the same office in the eoconomy of nature s is now
performed by the class of Mammals,

-

3. THE UPPER GONDWANA SYSTEM

Distribution— Upper Gondwana rocks are developed in s number
of distent placea in the Peninsula, from the Rajmahal hills in
Bengal to the neighbourhood of Madras. The outerops of the
Upper Gondwanas, as developed in their severnl areas, wiz.,
Rajmudal hills, Damuda valley, the Satpura hills, the Mahanadi
and Godavari valleys, Cuteh and along the eastern coast, are
designuted by different names, beoause of the difficulty of precisely
ourrelating these isoluted outerops with each other. It is pro-
bable that future work will reveal their mutual relations with one
another more olearly, snd will render possible their grouping
under one comman name, Tn Cutch and along the Coromandel
const, beds belonging to the upper horizon of the Gondwanas are
founil interstratified with marine fossiliferons: sediments, -9 eir-
mimstance of great help to geologista in fixing the time-limit of
the Upper Gondwanus, and determining the homotaxis of the
system in the stratigraphical sealo,

Lithology— Lithologically the Upper Gondwana group is oom-
posed of the wsual massive sandstones and shales closely resem-
bling those of the Middle Gondwanas, but is distinguished from
the Istter by the presence of somao conl-sonms and luyerd of lig-
nitised vegetable matter, und a considerable development of lime-
stones in some of ita outerops; while one outerop of the Upper
Gondwanias, viz., that in the Rajmabal hills; is quite distinet from
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the rest by reason of its being constituted principally of volcanie
rocks. This voleanic formation is composed of horizontally
bedded basalts contemporansously ernpted, which attain a great
thickness,

Rajmahal series—Upper Gopdwana rocks are found in Bengal
and Bihar at two loealities, the Damodar valley and the Rajma-
hal hills, some 30 miles N.E. of the Raniganj coal-field, the latter
being the more typical locality, The Upper Gondwanas in the
Hajmahal hills rest unconformably on the underlying Barakar
stage. The lowest beds above the break are known under the
name of the Dubrajpur sandstone. The Rajmahal seriea consists of
2000 feet of bedded basalts or dolerites, with about 100 feet of
interstratified sedimentary beds (infer-frappean beds) of siliceous
and carbonaceous clays and sandstones.  Almost the whole mass
of the Rajmahal hills iz made up of the voleanic flows, together
with these inter-truppean sedimentary beds. The shales have
turned poreellancid and lydite-like on account of the eontnet-
effects of the basalts. The basalt is a dark-coloured, porphyritio
and amygdaloidal rock, commonly fine-grained in texture. When
somewhat more cosrsely orystalline it resembles a dolerite.  The
amygdales are tillod with beautiful chaleedonio varieties of silion,
calcite, zeolites or other secondary minerals. A radiating colum-
nar stroeturs doe to * prismatic ' jointing is produced in the fine-
grained traps at many pluces. It is probable that these superficiul
basalt-flows of the Rajmahal series are conneeted internally with
the dykes and sills that have so copiously permeated the Ranigan)
and other coal-fields of the Damuda region, as their underground
roots.  The latter are hence the hypabyesal reprusenitatives of the
subaerinl Rejmahal eruptions. Among these dykes mica-peri-
dotites, lumprophyre, minette and kersantite types have been
found.

The andesitie trap of Sylhet, in the Khas hills of Assam, unoon-
formably underlying the Upper Cretaceous, is probably an east-
ward continuation of the Rajmahal teap.

Rajmahal fora—The silivified shales of the Rajmahal beds have
yielded a very rich flora in which the fossil Cycads (Bennettitales)
are the predominant group, Next in order of abundance are the
Ferns and Conifers.  The cyoad geners comprise many types of
leaves (e.q., Plilophyllum, Ptesophylium, Dictyosamites, Mozamites,
Nilssowia, Tuenioplenis), also u few Aowers (Williamsonia) and
stems (Bucklandia). The stem known as Bucklandia indica bore
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leaves of the Pilophyllum type and Williamsonin Howers; the
conmnctions of the other leal geners are still unknown. The most
important Fern genern are Maraltiopsis, Cladophlehis, Coniopleris,
Gleichenites, Pecopleris and Sphenopteris.  The Coniferales include
several kinds of vegetative shoots (Elatocledus, Brachyphyllum,
Retinosporites), detached cones and sonles (Conites, Ontheodendron,
Araucarites) and wood (Arawcariozylon), The Equisetales are
represented by Eguisetites and the Lycopodiales by Lycopodites.
Among the Incertae are some geners (Rajmahalia, Homoxylon,
Pentoxylon, ete.) of much palseobotanical interest. Homuozxylon
rajmahalense is a kype of fossil wood which closely resembles the
wood of kome Jurassic Cyends a8 well as that of some primitive
modern angiosperms. It therefore supports the woll-known
theary of the Bennettitaloan origin of angiosperms. The Rajma-
hal flors was till recently known almost exclusively from impres-
gions. Recent anatomical studies have considerably advanced
our knowledge of this classical flora.

The Rajmahal stage can fitly be called an age of fossil cycads,
from the predominance of the Bennettitales, The flora presents
a sharp contrast with those of the Lower and Middle Gondwanas.
Tt wears a distinctly more familiar aspect, the affinities of the
great majority of the genera being known.  The Preridosperms and
the Cordaitales have dissppeared.  The Equisetales have dwindled
into insignificance, The Ferna now claim an important place,
and most of them can be assigned to recent families. The ronifers,
formerly a small group, are now on the increase; in the collnteral
Kota and Jabalpur stages of the Upper Gondwana they are as
important an element in the flora as the cycads, while in the suc-
coeding Umin stage they actually dominate the flora,

Satpura and Madhya Pradesh

Jabalpur stage—Upper Gondwana rocks, of an altogether
different facies of composition from that st Rajmahal, are de-
veloped on a very large scale in these areas. The hase of the serics
rests unconformably on the anderlyving Maleri beds looally known
under the name of Denica snd Bagrabeds, and successively covers,
by overlapping, all the older mombers of the Middle and Lower
Gondwanas exposed in the neighbourhood. The rocks mclude
two stages: the lower Chaugan and the upper Jabalpur stage.
The Chaugan stage consists of limestones, clays and sandstones,
with boulder conglomerates, Tt is succeeded unconformably by
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the next stage, named after the town of dabalpur.  The rock com-
ponents of the Jabalpur stage are chiofly soft masdive saudstones
and white ar yellow shales, with some lignite and coal seams, and
in addition & few limestone bands. The Jabalpur stage is of
palaeantological interest beesuse of its having yielded & rich
Jurassic flors, rather distinet from that of the preceding neries and
of somewhat newer age, viz., Lower Qalite, Tt differs from the
Rajmahal flora mainly in its containing a greater proportion of
conifers, piz., Elatocladus (several species), Retinosporites, Brachy-
phyllum, Pagiophylium, Desmiophyllum, Araucarites, and Stro-
bilites, and in the much reduced number of oycads.
At Jabalpur this stage is overlain by the Lameta group of Cre-
taceons strata, remarkabls for their containing many fossil remains

of dinosaurs.
Godavari Basin

Kota stage—A narrow triangular patch of Upper Gondwana
rocks occurs in the Godavari valley south of Chanda. The rocks
are of the same type is those of the Satpuras, with the exception
of the top member, which is highly ferruginous in its constitution.
At places the oxides of iron are present to such an extent as to be
of economic value, Here also two stages are recognised : the lower
Kota stage, some 2000 feet in thickness, and the upper Chikiala
stage, about 500 feet, composed of highly ferruginous sandstanes,
poor-quality eoal-seams and conglomerates. The Kota stage in
fossiliferous, both plant and animal remains being present in its
rocks in large numbers. The Kota stage, which overlies the Maleri
stage described above, consists of loosely consolidated sandstone,
with o few shale beds and with some limestones, From the last
beds numerous fossils of reptiles, fish, and erustacea have been
obtained, e.g., several species of Lepidotus, Tetragonolepis, Dape-
dius, Ceratodus, snd the reptiles Hyperodapedon, Pachygonia,
Belodon, Parasuchus, Massospondylus, ete. The plants include the
conifers Palizsya, Araucarites and Cheirolepis, and numerous
spoecies of cyonds belonging to Cycadites, Ptilophyllum, Taxiles,
ete., resembling the J:bu.lpn{ forms. The Chikinla stage is un-
fossiliferous, being often strongly ferruginons (haematitio) and
conglomeratic.

Gondwanas of the East Coast

Vizagapatam and Tanjore, there ocour u fow smull isolated outerops

[ e M —
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of the Upper Gondwanas along a narrow strip of country botween
the gneissie country snd the coast-line, These patches are vom-
posed, for the most part, of marine deposits formed not very far
from the coast, during temporary transgressions of the sea, etn-
taining # mingling of marine, littoral orgauisms with a few relics
of the plants snd animals that lived near the shors. Near the
Peninsulsr mainland there are vonsequently to be seen in these
puterops both fossil plants of Gendwane facies and the marine or
estuarine molluses incloding ammonites. In geological horizon
the different outliers correspond to all stages from the Rajmahal
to the uppermost stage (Umia),

Rajahmundry outerop—The principal of these outorops is the
one near the town of Bajahmundry on the Godavar delta. It
includes three divisiona: :

Tripetty sandstone—150 feet,

Raghavapuram shales—150 feet.
Golapilli sandstones—300 feet.

This succession of beds rests unconformably over strata of
Ranigan] horizon, termed Chintalpudi sandstones. Lithologically
it is composed of littoral sandstones, gravel and conglomerate
rock, with » fow shole-beds, The latter contain gome marine
lamellibranchs (e.g., species of Trigonia, inoluding T. ventricosa)
and a fow species of ammonites, Intercalated with these are
some beds containing impressions of the leuves of cycads and

conifers.
Ongols outerop—Another outerop of the pame series of beds is

found near the town of Ongole, cn the south of the Kistna. Tt
also consists of three subdivisions, all named after the localities:
Pavalur beds—red sandstone.
Vemaovarum bods—shnles.

The Vemavarnm shales contain u very rich assemblage of Gond-
wana plants, related in their botanioal affinitics to the KEota and
Jahalpur plants.

Madras group—A third gronp of small exposures of the same
rocks ocetirs near Madras, in which two stages nre recognised.
The lower buds form & group which is known as the Sripermatur
beds, consisting of whitish shales with sandy micaceous beds con-
taining  fow cephalopod and lamellibranch holls in an impoerfect
gtate of preservation; the ;ﬂmtﬁﬂﬂtubhﬂumlﬁmnhadlm
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ginted in the same horizon corvespond in facies to the Kots and
Jubalpur florn. The Sripermatur beds sre overlain by n series
of conrser deposits, consisting of coarse conglomerates interbedded
with sandstones and grits, which contain but fow organic remains.
This upper division is known as the Sattavadu beds.  Solitary out-
orops of thess rocks containing fossil cyeads nnd conifers extend
ta Trichinopoly, Madura and Ramnpad. At Utatur the Upper
Gondwanas are found underlying the Cenomanian marine beds.

Cuttack—One more similar exposure, occurring far to the
north on the Mahanadi delta, is seen at Cuttack. It is eomposed
of grits, sandstones and conglomerates with white and red clays.
The sandstone strata of this group are distinguished as the Athgarh
sandatones. They possess excellent qualities as building stones,
and have furnished large quantities of building material to numer-
ous old edifices and temples, of which the temple of Jagan Nath
Puri is the most famous,

Age—A middle Jurassio age was ascribed to these coastal Gond-
wanss, hut the discovery of u suite of better preserved ammonites
from Budavada and Raghavaparam proves n considerably newer
horizon for these beds, Lower Cretaceous (Barremian). The
ammonites are Holcodiscus, Lytoceras, (Gymnoplites and Hemi-
hoplites,

The identifieation of angiospermous fossil wood Homaxylon,
magnoliaceous dicotyledon and the flower of Williamsonia sewards
from the Rajmahal series (the flora of which ia sssentially identical
with that of the coastal Gondwanas) by Sahni lends support to
the inference that both the series are probably of Neocomian or
still later age,

Ceylon Gondwanas—The doarse sandstones, grite and arkose,
containing cyeads, forna and preridosperms, which are found in
two small isolated basing in Ceylon, faulted into the Archasans—
the Tabbmea and Andigama beds—belong probably to the Madras
group of Upper Gondwanus, It is probable that some more ocour-
rences of these rocks further north in the jsland nre concealed
under the alluviom and the Miocene limestones (Jaffua beds).

Gondwanas of the West Coast: Umia Beries
Upper Gondwanas of Cutech—The highest beds of the Upper
Gondwanus are found in Cutel, at & village named Umis. They
rest on the top of & thick series of marine Jurnssic beds (Lo be
describisd with the Jumssic rocks of Cuteh in » later chapter),
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The Umin series, as the whole formation is called, is a very thick
series of marine conglomoerntes, sandstones and shales, in all about
2000 feet in thickness. The special interest of this group lies in
the fact that with the topmost beds of this series, containing the
relics of varions caphalopods and lamellibranchs, there occur inter-
stratified & number of beds containing plants of Upper Gondwana
facies, pointing unmistakably to the prevalence of Gondwans
vonditions at the period of deposition of this series of strata.  The
marine fossils are of uppermost Jurassic to lower Cretaceous
affinities, and henve serve to define the wpwied stratigraphie limit
of the great CGondwans system of Indin within very precise
bounds, The Umin plant-remains are thought to be the newest
fossil flors of the Gondwana system. The following is the list of

the important forme;

(Conifers) Elatocladus, Retinosporites, Brachyphyltum, Pagio-

phyltum, Araucarites.

(Cyeads) Plilophyllum, Williamsonia, Taeniopteris.

(Ferns) Cladophlehis.

Some of the species of these genera are allied to the Jabalpur
‘species, others are distinctly newer, more highly ovolved types.

The Umin beds have also yiolded the remnins of & reptile, a
species belonging to the famons long-necked Plesiosturns of the
European Jurassic. [t is named P. indica.

In Northern Eathiawar thore is a large patch of Jurassic rocks
ocoupying the region near Dhrangadhra and Wadhwan, consisting
of about 1000 fest of horizontally bedded sandstones. The lower
part, containing some earbonaceous beds and ferruginous slates,
has fossils of Jabalpur affinities, while the upper part corresponds
to the Umia group of Cutch in geological horizon. It has yielded
conifers and cyeads resombling the Umia plants.

Economics—The Upper Gondwana rocks include several coal-
geams, but they are not workable. Some of the fine-grained sand-
stones, e.4., those of Cuttack, Athgarh, Tirupati and Ahmwidnagar,
are much used for building purposes, while the clays obtained
from some localities are utilised for & variety of cornmio manu-
factures. The soil vielded by the weathering of the Upper
Gondwanas, as of nearly sll Gondwana rocks, is & sandy shallow
soil of poor quality for agricultural uses, Hence outorops of the
Gondwana rocks are marked generslly by barren landscapes or
else they are covered with a thin jungle.  The few limestone beds
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are of value for lime-burning, while the richly hasmatitio or limo-
nitic shales of some places are quarried for smelting purposes or
use a8 oohres. The coarser grits and sandatones are cul for

millstones.
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(HAPTER X1
UPPER CARBONIFEROUS AND PERMIAN SYSTEMS

The commencement of the Aryan era— In the last two chapters we
have followed the geological history of the Peninsula up to the
end of the Jurassio period. Now let us turn back to the other
provinces of the Indian region where a different ordor of geologival
avents was in progress during this Jong eycle of ages.

As referred to before, the era following the Middle Carboniferous
wis #in era of grest earth-movements in the oxtra-Peninsular
parts of Indin, by which sedimentation was interrupted in the
various areas of deposition, the distribution of land and sea Was
readjusted, and pumerous other changes of physical geography
profoundly altered the face of the continent.  As i consequence of
these physical revolutions there is, almost sverywhers in Indin,
a very marked break in the continuity of deposits, represented by
an unconformity at the base of the Permo-Carboniferous system
of strata. Before sedimentation was resumed, these earth-
movements and erustal readjustments had resulted in the ensterly
extension over the whole of Northern India, Tibet and China of
the great Mediterrancan ses of Europe, which in fact at this epoch
girdled almest the whole earth as d true mediterranean e,
separating the great Gondwana continent of the south from the
Furasian continent of the northern hemisphere. The southern
shores of this great sea, which has played such an important part
in the Mesozoio geology of the whole Indian region—the Tethys—
coincided with what is now the eentral chain of snow-peaks of the
Himalayas, bevond which it did not trinsgress to any extont; but,
to tho east und west of the Himalayan chain, bays of the sea
spread over areas of Upper Burma and Baluchistan, n great dis-
tance to the south of this line, while an arm of the same sea £X-
tended towards the Salt-Range und occupied that region, with
but slight interruptions, slmost up to the end of the Eocene period.
It iuinﬂwmmddmp-wnm&ﬂmuwbagm to be formed
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on the foor of this central sea ot this time that the materials for
the geologieal history of those regions nre preserved for the long
succession: of ages, from the beginning of the Permisn to the
middle of the Eocene, constituting most of the great Aryan era of
Indian geology.

The nature of geosymelines—Portions of the sea-foor subsiding in the
form of long narrow tronghs comenrrently with the deposition of sedi.
menta, and thos permitting an immense thickness of deep.water
deposits to be Inld down over them without any intermission, sre called
Geosynelines. It is the belief of some geologista that the slow continual
submergenes of the ooean bottom, which renders possible the deposi.
tion of enormously thick sediments in the geosynolinal tracts, arises,
in the first instance, ffom a disturbance of the wostatic conditions of
that part of the orust, further wocentoated and enhanced by the con.
stantly increasing load of sediments over localised tracts. The ad-
juvent wreas, on the other hand, which yisld these sediments, have o
tenditnoy to rise above their former level, by reason of the constant
unloading of their surfice due to the continued exposure to the do-
nuding agenvies, They thua remain the fesdinggrounds for the
sedimentation.basine. This state of things will continne till the iso-
static equilibrivm of the region has been restored by u suffivient smount
of deposition in one ares and desudation in the other, At the end of
this cyele of processes, after prolonged intérvals of time, & reverse
kind of movemont will follow in this floxible and pomparstively weak
gono of the erust; rendered more plastio by the rise of the isogeotherms,
compressing and elevating these vast piles of sediments into a mountaio.
chain, on the ste of the former geosynoline.

Goesynelines are thus long narrow portions of the earth’s outer shell
which are relativaly the weaker purts of the earth's dircumfersnce, and
are linble to periodic altemate movements of depression anid elovation.
It is such areis of the carth which give rise to the mountain-chnins
when thoy are, by any reason, subjected to great lateral or tangential
compregion.  Such n compression oconrs, for instance, when two large
adjucent blocks of the sarth's crust—horsts—are sinking towards the
earth’s centre during the secular contrnotion of our planes, consequent
upon fts continunl loss of internal heat, The bearing of these con-
eoptions on the elevation of the Himalayna, subsequent to the great
eycle of Permo-Focens deposits on the northern border of India, is
plausible enough. The Himalaynn zone is, nocording to this view, a
grosynolina] tract squecged botween the two large continmmial masses
of Eurasis and Gondwanaland. This subject is, however, one of the
unsettled problema of modern geology, and one which is yet sub judies,
and Is, thervfore, boyond the scope of this bodlk.

The recards of the Himalayan sres which we have now Lo study
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raveal an altogother different geological history from what we
have lnown of the Gondwana sequence. 1t i az essontinlly »
history of the oceanic aren of the earth and of the evolution of the
marine forms of life, as the latter is n history of the continental
area of the earth and of the land plants and animals that inhabited
it, This difference emphasises the distinetion between the stable
muss of the Peninsula and the flexible, relatively much weaker
extra-Peninsular area subject to the periodic movements of the
erust. In contrast to the Peninsular horst, the Intier is ealled the
geoavnelinal area.

The Upper Carboniferous and Permian—The Upper Carboni-
forons and Permian aystems are found perfectly developed in two
localities of extra-Peninsular India, one in the westorn part of the
Salt-Range and the other in Kushmir and the northern ranges of

the Himaslnyas.

1. UPPER CARBONIFEROUS AND PERMIAN OF THE
SALT-RANGE

After the Cambrian Salt-psendomorph shales the next known
series of deposits that was laid down in the Salt-Range area
belimgs to these systems.  Sometine after the Cambrian, the Salt-
Range, like the Peninsula, became a bare land ares exposed to
denudational agenciés, but, unlike the Peninsula, it was brought
again within the sres of sedimentation by the late Carboniferous
movements. From this period to the close of the Focene, o
branch of the great central sea to the north spread over this
region and laid down the deposits of the succeeding geological
periods, with a fow slight intorruptions. These deposits are cou-
fied to the western part of the Range, beyond longitude 72° E.,
where they are exposid in a series of more or less parallel and con-
tinuous outorops running along the strike of the range. In the
eastern part of these mountains, Permo-Carboniferous rocks are
not met with at all, the Cambriin group being there abruptly
terminnted by a fault of great throw, which has thrust the Num-
mulitie limestane of Eocens nge in contact with the Cambrian.

The Permo-Carboniferous rocks of the western Salt-Range are
i thick series of highly fossiliforons strata. A two-fold division
i discernible in them: a lower one composed of sandstones, and
an upper one mainly of limestones, characterised by an abundance
of the brachiopod Productus, and henee known as the Productus
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limestone, The Productus limestone sonstitutes one of the best
developed geological formations of India, snd, on sccount of its
perfoct developmenit, is o type of reference for the Permian system

of the other parts of the world,
The table below shows the ohief elements of the Permo-{ar-

baniferous system of the Salt-Range:

" Ohiders Stagn. Maris and sandstoties.
Cpper Kundghat ,,  Saoilstones with fel- | Thuringinmn,
200t lerophion.
| Jali o Sandy Himestones,
| Kalabagh ,,  Crinoidal  limestones
Productus | Middle with monele sl dole | Punjibisn,
fiimestons | 300 ft. i b,
TO00 . . Virgad v Cheriy limestones.
| Katta . Brown asandy lime-
I itomies.,
200 L. * Amb o Unlonreous asmdstones, Artinskinn,
Frsuling lipnsstonm.
¢ peckled sandstanes, Clisys, greyand blue, | Upper
304 It. Muttled sanhstoness, Carboni-
Canulisria bedls, Dlive shates and sand. | ferote.
: 200 fi. wronis, (Uralian.)
& penkilad
m_ Cimpilerin and By '
deagma.
700 fi. Bo
bedd, i Glacinted boulders in
o000 | TOIORE SNy fng matrix.
M.

Boulder-beds—The basement bed of the series is a boulder-
conglomerate of undoubted glacial origin, which from its wide
phical ocenrrence in strata of the sumo horizon, in such
widely separated parts of Indin os Hazara, Simla, the Salt-Range,
Rajputana, Bihar, Orissa and other localities wherever the Lower
Gondwana rocks have been found, has been made the bhasis of an
inference of & Glacial Age at the commencement of the Upper
Cnrboniferous period throughout India, The evideance for this
lmﬁguinlmﬂnlimlnthouﬂﬂmwo{thenhmmﬁsﬁumhuf
glacial nction in il these areas, viz., heds of compacted ' boulder-
" or glacial drift, resting upon an under surface which is
often sharply defined by being planed and striated by the glaciers.
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The most. striking character of a boulder-clay is it heterogeneity,
both in its component materials, which have been transported from
distant sources, and in the absence of any assortment. and strati-
fication of these materinls. Many of the boulders in the boulder-
bed of the Balt-Range are striated and polished blocks of the
Malani rhyolites, felsites and granites of Vindhyan age—an im-
portant formation of Rajputans. These are intermixed with
smuller pebbles from various other orystalline rocks of the same
nren, and embedded in a fine dense matrix of clay. Besides stria-
tions and polishing, a certain percentage of the pebbles and
boulders shows distinet " faceting . The Aravalli region must
have been the home of snow-fields nonrishing powerful glaciers at
this time, ns the size of the boulders as well as the distances to
which they have been transportad from their source clearly testify
to the magnitude of the glaciers radisting from it.

Boulder-beds similar to that of the Salt-Range, and also like
it composed of ice-borne boulders of Malani rhyolites and other
erystalline rocks, are found in Rajputana in Marwar (Jodhpur
State) and are known as the Bap and Pokaran beds, from places
of those names. At the latter place there ocenr typical roches
moutonindes. The Talehir houlder-bed is homotaxial with the
glacial beds associated with the Euwrydesma beds of south-east
Australin,

The Speckled sandstones—The boulder-bed is overlain by a group
of olive shales and sandstones forming the lower parl of the
Bpeckled sandstone series and designated as the Conularia beds,
because of their containing the fossil Conularia enclosed in eal-
careous concretions. The genug Conslaria is of doubtful system-
atic position and, like Hyolithes, is referred to the Pteropoda, or
at times to some pther sub-order of the Gustropodu, or even to
some primitive order of the Cophalopoda. Assorinted fossils are
Pleurotomaria, Eurydesma, Bucamia, Nuweuls, Preudomonotis,
Chometes, Aviculopecten, ete. These fossils are of interest hecanse
of their close similarity to the fauna of the Permo-Carboniferous
of Australia, which also contains, intercalated at its base, i glacial
formation in every respect identical with that of the Talchir series.
The Conularin beds are succeeded by a series of mottled or
speckled red sandstones, from 300 to 500 feet in thickness, inter-
bedded with red shales. The whale group is current-bedded, and
gives evidence of deposition in shallow water. From the mottled
or speckled appesrance of the sandstone, due to s variable distri-

8 P
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hution of the colouring peroxide of irun, the group in designated

the Speckied sandatomes,

The Productus limestone—This group i conformably overlain
by the Produotus limestons, one of the most important formations
of Tndia, and ono which has received o great deal of attention from
Indinn geologists, being the first fossiliferuns rock-system to be dis-
covered in Indin. Tt is fully developed in the central and western
part of the range, but thins out at ita eastern end. . Abont 700
feet of limestones are exposed in u series of fine cliffs near the
Nilawan valley, and thenee continue westwards along the Salt-
Range right up to the Indus gorge, beyond which the group dis-
appears gradunlly, The best anil the most acvessible outorops of
the rocks mre in the Warcha valley! and Chidern hills in the
neighbourhood of Musa Khel, west of the Son Sakesar plateau.
The greater purt of the Productus limestone is & compact, erinoidal
magnesian limestone sometimes passing into pure erystalline dolo-
mite, associnted with beds of mart snd sandstones. It eontains
a rioh and varied assemblage of fossil hrachiopods, corals, erinoids,
gastropods, lamellibranchs, cephalopods, fusulinae and plants,
constituting the richest Upper Palacozoic fauna anywhere dis-
coversd in India, to whick the faunas of the other homotaxinl
deposits are referred, An added interest is the commingling of
Lower Gondwans Glossopteris flora with the lower stage of the
Productus limestons, crowded with & rich brachiopod fauna, and
also almost immediately above the Talehir boulder-bed. The
abundance and variety of the Productus fauna has thus led to
the name Punjabian being given to the series of Middle Permian
strata coming betwpen the Artinskian snd Thuringian. The stage
name of Punjabian has also been used in the past to include the
strata from the boulder-bed to the top of the Speckled sandstone
(Uralian to Artinskian}. On & palasontological basis the Pro-
ductus limestone is divided into thres seetions: the Tower, Middle
and Upper.

With the lower beds of the Lowsr Productus limestone there
comes n sudden change in the charneter of the sediments, accom-
panied by a more striking change in the facies of the fsuna, aimost
all the species of the Speckled sandstone group dissppearing from
the overlying group. The lower 200 feet earry many beds of
Fusulinn limestone with Parafusuling. Tt is composed of soft
caloareons sandstones, full of fossils, with cosl-partings at the

1 Reconds, @80, vol. i, pt- 4, 1930,
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bass, Productis cora, P. semireticulatus and P, spiralis are tho
charseteristic speciea of this division. Associated with these, in
the coal-partings, are the geners (Flossopleria and Gangamopleria,
of Damuda affinities suggesting the vicinity of the coast of the
Gondwans mainland. Two stages are present ; the lower, more
wrennceous stage is well seen at Amb village, nnd is known as
the Amb beds, and the upper calearcous stage is known as the
Katta beds,

The Middle is the thickest and most charaeteristic part of the
Productus limestone, consiating of from 200 to 300 feet of blue
or grey limestone, which forms the high precipitous escarpments
of the mountains near Muss Khel, Dolomite Inyvers, which are
frequent, are white or cream-coloured, and from the greater
tendency of dolomite to occur in crystalline form they are much
less fossiliferous owing to the obliteration of the fossils attending
the recrystallisation process. Marly beds are common, and are
the best repositories of fossils, yielding them readily to the hammer.
The limestones are equally fossiliferous, but the fossils are very
difficult to extract, being visible only in the weathered outerops at
the surfaces. Many of the fossils are siliified, especially the
corals. There is also an intercalation of plant-bearing Lower
Gondwana shales and sandstones, P. lineafus 4 a common
brachiopod species in the Middle Productus, Flint snd chert
conoretions sre abundantly distributed in the limestones., Thia
division ulso includes two stages, Virgal snd Kalubagh, the Intter
containing the smmonoids Xenaspis and Foordoceras.

The Upper Productus group is much less thick, hardly resching
100-200 foot at places. The group is more arenaceous, being
eomposed of sandstones with carhonneeous shales, with subordin-
ate bands of limestone and dolomite.  Siliea is the chief petrifying
sgent here also. P. indicus is 8 common species, Fossils nre
numerous, but they roveal a striking change in the fauna, which
soparates this group from the preceding group. The most note-
warthy feature of this change is the advent of cephalopods of the
order Ammonoiden, represented by & number of its primitive
genera. The topmost stage of the Upper Productus forma a
separate stage by itself, known ns the Chideru beda. They show
a markod palacontological departurs from the underlying ones in
the greatly diminished number of brachiopods and the increase
of lamellibranchs and vephalopods.  They are thus to be regarded,
from these peoulinritics, as a sort of transition, or ** passage beds ™,
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between tho Permian and the Trinssio, The Chideru beds pass
conformably and without any notable change into geries of
Ceratitea-bearing beds of Lower Trinssic age.

Productus fauna—The following are lists of the more char-
cteristic fossil geners, many of which are mepresented by numerous
apecies, of the three divisions of the Froductus limestone;

Upper Productus: (Amumanites) Nenodiscus, Cyelolobus, Medli-
cottia, Arcestes, Sogecerns, Popuanoceras, Tasnioceras; (Bra-
chiopods) Productus, Oldhaming, Derbya, Chonetes, Mar-
tinin, Aulostegia; (Goastropods) Belleraphon, BEuphemits,
oto.: (Lamellibranchs) Schizodus, Lima, Gervillia; (Polyzoa)
Entolis, Synocladia, ete.

Middle Productus: (Brachiopods) Prodwetis, Spirifer, Spin-
ferina, Athyris, Lyttomia, Oldhamina, Richthofenia, Retiou-
laria, Hemyptychina, Marginifera, Nofothyris; (Lamelli-
branchs) Curytoma, Psendomonotis; (Polyzoa) Fenestella,
Thamniseus, Acanthocladio; (Worm) Spirerbis; (Corals)
Zaphrentis, Lonsdaleia, Stenopora; (Gastropod) Macro-
cheilus; (Cephnlopods) Xenaspis, Nontilus, Orthoceras,

Lower Productus: (Brachiopods) Productus (P. cora, P, semi-

reticulatus, P. spiralis), Spirifer, Spiriferina, Athyris royssii,
Orthis, Reticularia, Richthofenia, Martinia, Diclagma, Strepto-
rhynchus, Strophalosia ; (Foraminifors) Fusulina, Parafusu-
fine.

[The following fosails may be considered characteristic of the Salt-

Range Productus limestone :

Gastropods: Euomphalus, Macrocheilus, Naticopsis, Phaseonella,
Plenrotomaria, Murchisonia, Bellerophon (Bucania, Stachella,
Euphemus, and severnl other geners of the family Belleraphon-
tidue), Hyolithes und Entalis,

Lamellibranchs: Oardiomorpha, Lucing, Cardinia, Sehizodus, Awi-
culopecton, Peefon (two spocies],

: These are the most abundunt, both ns regards speciea
and individuals. Dielwsma is ropresented by ton species, Noto-
thyrin (cight speeies), Lytlomsa (three wpecies), Camarophoria
{five species), Spirigerilla (ton spocics), Athyris (ten species),
Spirifer (elght specios), Marfiniopris, Strophomena, Streplo-
rhgmchns, Derlim (eight spocies), Leplaesa, Chonetes (fourteen
sposies), Strophalosia, Productus (fifteen species).

Polysoa: Polypera, Goniocladin.

Crincids: Poterivcrinus, Philocrinus, Cyathoorinus, ete,
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Corals: Pachyporn, Misheline, Amplexws, Clisiophyllem.

Ganoid and other fishes, plants, vtc. |

The Productus faunn shows several interesting peculiarities.
While the fauna as & whole is decidedly Permian, the presence in
it of several genera of true Ammonites and of a lamellibranch like
Ozxytoma and & Nautilus species, which in other parts of the warld
are not met with in rocks older than the Trias, gives to it a some-
what newer aspect, The most noteworthy pecaliarity, however,
ie the association of such eminently Palacozoio forms as Productus,
Spirifer, Athyris, Bellerophon, ete. with cephalopods of the order
Ammonoidea. All forms which can be regarded as transitional
between the goniatites and the Triassic ceratites are found, in-
cluding true ammonites like Cyelolobus, Medlicottia, Popanoceras,
Xenodiscus, Arcestes, ete. Some of these possess u simple pattern
of sutures resembling those of the Goniatites (sharply folded) or
Clymenia (simple zig-zag lobes and saddles), while others show an
advance in the complexity of the sutures spproaching those of
some Mesozoie genera.

The Anthracolithic systems of India—The lower part of the Salt-
Range Productus limestone group is, from fossil evidence, the
homotaxial equivalent of the Poermo-Carboniferons of Kashmir,
Spitiand the Northern Himalayus generally. The term “anthraco-
lithio*" is used by some nuthors as a convenient term to express the
closely connected Carhoniferons and Permian systems of rovks
and fossils in those arcas, e.g., the Shan States of Burms, which
exhibif an intimate stratigraphic as well pa palaeontological con-
nection with one another, and where it is dificult to separate the
Carboniferous from the Permian.

0O, THE UPPER CARBONIFEROUS AND PERMIAN SYSTEMS
OF THE HIMALAYAS

The Himalayan representatives of the Productus limestone are
developed in the northern or Tibetan zone of the Himalayas along
their whole length from Kashmir to Kumaon snd beyond to the
Everest region. They are displayed typically at two localities,
Spiti and Kashmir, where they have been studied in great detail
by the Geologieal Survey of India,

Spit

In Chapter VIIT we have followed the Palasozoic sequence of

the area up to the Fenestells shules of the Po sories. Resting on
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the top of the Fonestella
places lying over beds of v
the Usrboniforous, is.a con-
glomerate layer of variable
thickness, belonging in age to
the Upper Carboniferous or
Permian. This conglomerats,
s has been stated before, is
an important dabem-line in
Indin, for it is made the basis
of the division of the fossili-
ferous rock-systemns of India
into two major divisions, the
Dravidinn and Aryan. The
Aryan em, therefore, com-
menees in the Himalayns with
& basement conglomernte,
a8 it commenoced in tho Salt-
Range and in the Peningula
with the glacial boulder-bedd.

The Productus shales —
The conglomermte is succeed-
od by a group of calearecus
sandstones, containing fossil
brachiopods of the genorn
Sgirifer, Prodwctus, Spirifer-
ina, Dielasma nnd Strepto-
rhynchus, tepresenting the
Lower Productus horizon of
the Salt-Range. These are
overlain by » thin group of
dark carbonnceous shales,
the characteristic Permian
formation of the Himalnyas,
known as the Produotus
ghales, corresponding to the
Upper Productus  horizon.
(See Figs. 14 and 22.) The
Productus shules are s group

of black, siliceous, mionoeons:

and frinble shales. They

Fro. 22— Section of the Usrbouiferaun to Triak seopienos in U Tiletan gone of the Fimsls
wollglrmarm e,

shisles in our type seotions, but at other
arying horizons from the Silurian to

il (Hpdid),

Moootis alinles.
Cornl lnaestipe,
duvavites body
Tropitea badin.

. Upgpeor Tn’m{

2, Productus alinles witli hasemont

lt Ph-l'i-..
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are only 100 to 200 feet in thickness, but are distinguished by a
remarkable constancy in their lithological composition over the
enormous extent of mountaing from Kashmir to Nepal. The
Productus shales constitute one of the most conspicuous  and
readily distinguished horizons in the Palasozoic geology of the
Himalayas. Being soft deposits, they have yielded more freely to
the severe lexures and compression of this part of the mountains
and suffered a greater degree of crushing than the more rigid strata
above and below. (See Plate VIII facing p. 158, also Plate X11
facmg p. 234)) The fossil organisms entombed in the shales
include churneteristio Permian brachiopod species of Productus
(£. purdond), Spirifer (8. musakheglonsis, 8. rajah, and five other
species), Spirigera, Dielasma, Martinia, Marginifera (M. himala-
yensia) and Chonetes.  OFf these the species Spirifer rajah and
Marginifera himalayensis are highly oharacteristio of the Permian
of the Central Himalays. In some coneretions contained in the
blnok shales are enclosed ammonites like Xenaspis and Cyelolobus.
The Perminn rocks of the Central Himalayn have been also desig-
nated as the Kuling system from a locality of that name in the
Spiti vallay.

Dr. Hayden gives the following sequence of Permian strata in
the Spiti area:
Lower Trias. oceras 2one of Lower Trins,

Productus shales: black or hrown siliceous shale
with Xenaspis, Oyelolobus, Marginifera hima.
fagensis, ote.

iyt Caleareous sandstone with Spirifer.
Grita and quartzites,
Conglomerates (varying in thickness).
Blight unconformity
Upper Carboniferous, Fenwstells shales of Po sorfes,

The Productus shales are sucoceded by a group of beds char-
noterised by the prevalence of the Triassio simmonite Otoceras,
which denotes the lower boundary of the Trias of the Himalayas,
one of the most important and conspicuous rock-systems of the
Himalayas from the Pumirs to Nepal.

The strata above describod mark the beginning of the geosyn-
clinul facies of deposita vonstituting the northern or Tibetan zone
of the Himalayea. As yot the strata are composed of shales and
sandstones, indicating proximity of the coast and eomparatively
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shallow waters, but the overlying thick series of the Trisssic and
Jurassis systems are wholly constituted of limestones, dolomites
and ealearsous shales of great thickness, giving evidence of the

gradusl deepening of the ocean bottom.
Kashmir

In keeping with the rest of the Palasozoic systems, the Carboni-
forous and Permian are developed on a large scale in Kashmir.
The Upper Carboniferous consists of a thick fover 8000 feet)
voleanio series— Pangal Voleanio series—aof bedded tuffs, slates,
ash-bods and andesitic to basaltio lava-flows (Panjal Trap). The
alaty tuffs confain at places marine fossils allied to the fauns of
the Productus limestone,

In the Tertiary zone of the Kashmir Outer Himalays there
ocour & number of large masses of an unfossiliferous dolomitie
limestone, Inid bare as cores of denuded snticlines, in the Upper
Tertinries of Murree age. This limestone (the ** Great limestone "
of Medlicott) is markedly similar in its lithological characters and
stratigraphic relations to the ** Infra-Trias " limestone of Sirban,
Hazara, and is now reforred to the Permo-Carhoniferons. This
limestone is of considerable cconomie value from some workable
lodes of zino, copper and nickel oecurring in it (p. 225). A most
interesting circnmstance in counectinn with the Permian of Kagh-
mir is the association of both the Gondwana facies of fluviatile
doposits, containing seed-ferns like Gangamopteris and Glossopteris,
and the marine deposits containing the oharacteristic fossils of the
age. The Gondwana beds (known as the Gangamopteria beds),
which are the local representatives of the Talchir-Damuda series
of the Peninsula, are overlain by the marine Permian beds ( Zewan
series), eontaining & brachiopod fauna identical in many respects
with that of the Productus limestone,

The Mid-Palaeozoic Unconformity of North-West Kashmir—
While the records of the Palagozoio from the Silurian to the
Perminn are continuous in the Spiti Himalayas as well as in eastern
Kashmir, the geological rocord of north-western Kashmir and
Hazara during the greater part of this interval is a total blank,
With the exception of small patches of Muth Quartzites, the
Silurian system of Kashmir, west of the Wular lnke, is succeeded
by the Panjal Voleanie series which s not older than the Urilian
at the earliest.  This is the most widespread regional unconformity
in the geological records of Nerth-West Indin, equally well seen
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in Hazars, the western Pir Panjal and the Punjab Salt-Range.
The Hazara nneonformity is proved by the Hazar (Dogra) slates
underlying with an angular unconfurmity a glacial boulder-
conglomerate which is now acoopted as of Talchir age., In the
Salt-Range, Cambrian beds with s Neobolus founa are overlain
by & boulder-bed at the base of the Productus limestone with an
intervening group of Damuda plant-bearing sandstenes. This
widespread unconformity is proof of the prevalence of continental
conditions during the Devonian and the greater part of the Car-
boniferous. The existence of o Punjab-Kashmir-Hazam land-
mass during the Dravidian ern is n well-estublished fact in the
palacogeography of North-West Indin,

This mid-Palacozoie land-mass of Kushmir performed one im-
portant funetion: it must have served as o land-bridge between
Gondwanaland and the great northern Eurasian continent (Angars-
land). It was through this land-bridge that the terrestrial vege-
tation of the Indian portion of Gondwanalind established some
links with Angaraland.

When, at the end of the Dravidian era, the earth movements
which supervened ushered in 4 new sedimentary period on the
surface of the great continent of Gondwanaland to the south of
the Himalayan ses, this part of Kashmir, for a brief interval,
formed the northernmost frontier of Clondwanaland and was
ovcupied by a characteristic land vegetation—the Glossopleria
flora, some typioal members of which are found entombed at
gix or seven widely scattered sites extending as far north as the
south flank of the Zanskar,

In all parts of Kashmir west of the Bind valley, this unconfor-
mity is cleatly revealod, its offéct buing in some places exaggerated
by & progressive overlup of the Panjal Voleanic series.

It wae with the commenrement of the Uralinn that the Produe-
tus sea of Spiti extended westward and overspread Kashmir,
Hazam and the Salt-Range, ushering in the long period of Tethyan
muring sediments that ceased only with the Middle Eocene.

Tanawal series—In the Purann and metamorphio belt of the
N.W. Himalayas, extending from Kaghan to Jammu, a volumin-
ous series, thonsands of feet thick, of metamorphosed rocks of
markedly arenaceons composition—banded argillaceous quartzites,
grits, phyllites and gquartz-schists, with clastio as well as crush-
conglomerates—oveurs in o mumber of fold-fanlted, disturbed
longitudinal basing, one to four miles noross the strike. These
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have bean named from the Tanawal coumtry in Hazar, in which
wimilar rooks were first recognised by Wynne. Their field rela-
tions with this Purana rocks, among which they lie, are so distorted
that it is aften diffieult to decide whether they are older or newer
than these. Their grade of stress metamorphizm is sometimes
higher than that of the Puranas. However, from some evidence
that the upper quartzite masses are, in o few cases, really silicified
limestones of the Sirban type (the “ Infra-Trias " series) it is
poasible to infer that the whole group is newer than the slate
series; but beyond suggesting that the Tannwals bridge the gap
botwesn thess slate series and the Permo-Carboniforous, no
definite age can at present be ascribed to this group. It is pos-
sible that the lower part of the Tanawals may be coeval with wo
old u formation as the Muth series. In the Poonch Pir Panjal
these rooks show a cloar lateral passage into the Agglomeratic Slate
series of Upper Carboniferous age. The whole group is entirely
devaid of fossils.

In the Simls and Garhwal area the formation which succeeds
the Simla slites i the Jaunsar series or the Nagihat series, both
unfossiliferous and of uncertain stratigraphie position, similar in
this respoot to the equally obscure Tanawals. At many localities,
however, the Simla slates are overlain unconformably by the
Blaini sories, the Upper Carboniferous age of which is now re-
garded as proved beyond serious doubt.

From the natums of their cocurrence in disconnected isolated
basins, sway from the wide sedimentary terrains, and their barren
nature it is conjectured that the Jaunsars and Tanawals are &
continental system of mid-Palueoxoio deposits, laid down in de-
pressions of the Hazara-Kashmir land-mass.

Upper Carboniferous. The Panjal Voleanic Series. Middle
Carboniferous earth movements—During the last of the depos-
ition of the Fenestella ahale-beds, the physical geography of the
Kashmir area underwent a violent change, and what was before
a region of quiet marine sedimentation was converted into & great
theatre of vuleanicity, whereby an enormous superficial extent of
the country was converted into a valeanio region, such as Java
and Sumatra in the Malay Archipelago of the present day. The
clastic and liguid products of these voloanoes buried large arens
of Kashmir under 7000-8000 foet of lavas snd tuffs, The voleanic
activity was most Intense during the Permian when it reached its
climax, after which it diminished greatly; though at isoluted
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votbres, a8 in Clurads, it persisbad up o bo the Upper Trinssie
period,

Physical history at the end of the Dravidian era—The earth-
movements and physiographic revolutions, with which this igneous
outburst was associnted in the Kashmir area, wore eommnected and
contemporaneons with the crust-movemimts in other parts of
Indin at the end of the Dravidian era. This was the epoch of
many far-reaching changes on the face of Indis, as we have seen
in (hapter VIII, Thess changes put an end to the continental
phase in Kashmir and to the epoch of Gondwanu conditions which
had invaded Kashrmir, converting it in fact into s north-western
provinee of that continent,

This Gondwana epoch in the history of Kashmir was thus
of but short duration. For the sea soon resumed its hold over
this area in the Permian times and commanoed to throw down its
charncteristio depesits in the geosynclinal of the Tethys, which
ance more brought Kashmir within the ** Tibetan "' zone of the
Himalayns. The marine Permian of Kashinir, a5 we shall see, is
bath in its physical and biclogical charasters on s par with the
Productus limestane of the Salt-Range and the Productus shales
of Spiti and other Himalayan areas,

Agglomeratic Slates and Trap—Rocks of this series sre divisible
into two broad sections: the lower—a thick series of pyroclastic
slates, conglomerates and sgglomerstic products, thousands of
feet in thickness, and called by Middlemizs the  Panjal agglo-
meratic slates *'; and the npper—the “ Panjal traps *', an equally
thick series of bedded andesitic and basaltic traps generally
overlying the ngglomemtes. The series covers an enormous
superficial area of the country, being only next in areal distribu-
tion to the Ymeissic rocks, It builds the majority of the high
peaks surrounding the Jhelum valley from the Shamsh Abari to
the Kolahoi (17,790 feet).

Distribution—1t is specially well developed in the Panjal range,
of which it forms the principal substratum, being visible as
prominently on its sides and summit ns in its centre for the entire
length of the range from the Kishenganga valley in Kamah to its
termination at the Ravi (see PI. XV), This circumstance gives
the name Panjal to the series. These rocks also form the blaek
hill-masses on the north-west continuation of the Zanskar range,
beyond Nun Kun to as far as Hazars, The Panjal voleanics,
according to Lydekker, are also developed in Ladakh, extending
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furthier to the norih-enst in the direction of the Changchonmo
valley to the very farthest borders of the Kashmir territory. A
fow outliers of the same rovk are mot with in Baltistan ns lur
north us Skardu.

The steatigraphical position of these deposits is noteworthy.
The Panjal voleanic series commences from varying horizons, from
the Moscovian, Uralisn, or even Permian, in different localities
and extends in its upper limit, likewise, to the Lower Permian in
some places and the Upper Trins in others, Both the lower and
upper limits are generally precisely dated by intercalation with
kmown fossiliferous horizons. In the Vihi district the voleanie
eruptions die out with the Lower Permian; in the Lidar with the
end of the Perminn; while in Gurais the vuleanicity did not end
till well into the Upper Trias. The erratic nature of the traps as
& stratigraphic unit is thus evident,

Nature of the Panjal slate-agelomerate—The mode of origin of
the lower part of the Panjal voleanic serics, or what has been called
the " agglomeratic " slates, is not easy to understand. Much of
it is composed of # fine groywacke-like matrix with embedded
angular gmins of quartz.  But the rock does not appear to be an
ordinary sedimentary deposit, inasmuch ss the embedded frag-
ments are quite angulir and often become very large in size at
random. They are pieces of quartzite, slute, porphyry, granite,
ete., irregnlarly dispersed in s fine-grained matrix. The rock is
generally unfossiliferous thronghout, though at a few localities
soveral interesting suites of fossils have been discovered! which
are identical with forms entombed in the underlying Fenestelln
series.  The most common forms are Producties, Spirifer, Chonetes,
Dielasima, Camarophoria, Strophalosia, Leptaena, Streptorhymchus,
Spiriferina, Burydesma, Avieulopecten, Sanguinolites, Conocardium,
Feneatelln, Euphemus anid Plewrolomaria, That such a rock could
ot have been the product of any simple process of sedimentation,
whother subaerial or submarine, is quite clear, and the origin of
thanmbmﬁdmpmd and of socli uniform character is o
problem,

One view is that the rock is a joint product of explosive voleanie
aotion combined with ordinary subaerial deposition: the other, a
dinmetrieally opposite view, is that it is due to frost-action under
glacial or arctio conditions, the frost-weathered débris being sub-

' H. 8, Bion, Pal. Inibica, N.8, vel, xil, 1928, ¥, ¢,
vol. xx, mem. 1, 1932 iy i Rewd; Pal. Inddiva, N.8.
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sequently transported by fAoating fce-masses to lakes. Middle-
miss favours the former view, as being more in keeping with the
actual cireumstances of the case and as congruent with the lavas-
eruptions that succeeded it, though he points out that the absence
of gluss particles, pumice fragments and other products usually
associated with tuffs is irreconcilable with this view. Later work
in the Pir Panjal has established the pyroclastic nature of large
parts of this formation beyond any doubt, The matrix of the
glate often is full of devitrified and altered glass with phenoeryats
of felspars.! The presence of Lower Gondwana plants in beds
immediately overlying the voleanies favours the inference that
the slate-conglomernte is & glacial deposit eorresponding to the
Talchir boulder-beds.  No facated or strinted pobbles® are, how-
ever, seert in the alates ; on the contrary the pebhles are frequently
quite angular, The following section gives a general idea of the
rocks of the Panjal series.

[5, Bedded green and purple traps, seversl thousand

feet thick.
A 4. Greenikh ash-beds, slates and agglomeratic quarts.

Rgso ites with amygdaloidal traps,
thicknows 3. Black and grey agglomeratio slates (tuffs) with thick
some thou- 1 beds of conglomerate containing sub.angulur
et pebbles of quartzite and slate.

2. Whitish quartzite and sandstones,

l. Bluck ogglomeratic slates (tuffs) with angular or

l sub-angular pebbles of quartz, shite and gneiss,

The Agglomeratic slates of Nagmarg and Bren contain Lower
Gondwana plants, associsted with a series of sandstones and shales
mhiningamdmhmhiopodhmmﬂﬂumm1 This
horizon corresponds with the Eurydesma horizon of the Salt-Range
Productus series,

Panjal lavas. Petrology—Over the agglomeratic slates therp
comes a groat thickness of distinetly bedded massive lava-flows.
In composition the lava is & busic variety of sugite-andesite or
basalt of acidity varying from 49 to 60 per cent, of a prevailing
dark or greenish colonr, the green eolour being due to the altern-
tion of augite and other constituents into epidote.  Acid and inter-
mediate differentistion-products also ovour looally and in small

U Wadla; Mem. G851, vol, 1 . 2, 1088,
m: M';It:'-n local wpets munnnuupi.l'nuuﬂ hucial pelibles nee fomnd embedided in
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musses, e.y. trachyte, ceratophyre, rhyolite, ncid tuffs, eto. The
rock is usually non-porphyritie and very compact in texture, but
porphyritic varieties are sometimes, and nmygdaloidal varieties
are often, met with. In microscopie structure the Invas are a
micro-erystalline aggregate of plagioclase felspar and finely granu-
lor nugite, with traces of yet undevitrified glassy matrix. Mag-
netite i very common in irregular graine and crystals. No
olivine is present, nor any well-formed crystals of augite. The
structure is hemicrystalline throughout, only minute prisms of
white turbid felspur being deteoted in a finely granular aggregate,
but in some varieties there are large prismatic phénocrysts of
felspar arranged in star-shaped or mdiating aggregates giving rise
to what is called glomero-porphyritic structure. Some varieties
are amygdaloidal, the amygdules being composed of silica or
‘epidote or rarely of some geolites. The lavas often show wide-
spread alterntion of the nature of epidotisation, ehloritisation,
and silicification. Devitrifioation is most common. Green chlor-
ite is commonly present in the felspars, and epidote is & universal
secondary product resulting from the interaction between augite
and plagioclase,

When the lavas are interbedded with the slates, the contact
metamorphism induced in both the rooks is of very marked degree,
the two becoming quite indistinet from each other, At Gagribal,
near Srinagar, such an intimate nssociation of the two kinds of
rocks is seen.  Bills and dykes of coarse-textured dolerite are fre-
quent in the bedded trap-flows.

The individunl Aows vary in thickness from a fow inches to
twenty feet or more, and are markedly lenticular. There are no
fresh-water sedimentary intercalations of the mature of “ inter-
trappean "' beds, but in the body of the traps there are found
considerable thicknesses of infer-trappean marine fossiliferous
limestones of Permian (Sirban), snd Lower and Middle Trias age.
Thess limestanes are obviously fossiliferous and show a gradual
passage into ash-beds and traps above and below. Such inter-
trappean limestones of thicknesses varying from 501000 feot are
observed in the mountains north of the Wular, in the Urdl district
and in the Kaghan valloy, Hazara. The total aggregate thickness
of the lava-flows measures several thousands of foet, 7000-8000
feet being seen in the cliffs nbove the Wular. But this develop-
ment is often purely local; over large arens the trap is missing, its
pliace being vcoupied by agelomerate slate.
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Age and vertical extension of Panjal lavas—Tho upper limit of
the. Punjnl lave-flows in Vihi is cloarly defined by ihe directly
overlying plant-bearing beds of Lower Gondwana facies; which in
turn ure immedigtely succeeded by marine Permian roocks. In
other cases, however, the flows have been found to extend to a
much higher horizou, as far as the Upper Triassie, a fow flows
being found locally interbedded with limestone of that age, In
general the Panjal voleanoes ceased their ecuptive aotivity in the
Permian. These subaerial voleanie eruptions therefore bridge
over the gap which is usually perceived at the base of the Pormian
in all other parts of Indin,

In addition to Inva-flows there are seen dykes and lacoolithio
masses of a gabbroid and doleritio mugma, cutting through both
the Panjul slutes and traps or earlier rocks in soveral parts of

Kashmir,

Lower Gondwana of Kashmir

Gangamopteris Beds

Distribution—The Panjal traps are direotly and conformably
overluin in several parts of Kashmir by a series of beds containing
Gangamopteris and Glossopteris, so eminently characteristic of the
Talchir and Damuda series of the Peninsular Gondwanas. The
Gondwana plant-bearing beds have been met with at seven
localitics, viz. on the north-east slopes of the Pir Panjal, at Bani-
hal pnss, Golabgarh pass and near Gulmarg ; on the opposite aide
of the Jhelum valley, in Vihi; near Srinagar ; at Maraliom near
Bijhinrs; and at Nagmarg on the Wular lake. Of these, the
exposures st Risin and Zewan in the Vihi district are the most
noteworthy because of their directly underlying fossiliforous Per.
mian limestones, a circumstance which clearly establishes their
axact stratigraphic horizon. This is illustrated in the section in
Fig. 23, p. 226. This series of beds is known as the Gangumopleris
beds from the most prevalent seed-fern, impressions of whose
leaves are well preserved in the hlack or grey * shales ", whiol
1 their composition are black glassy tuffs, almost entirely com-
posed of isotropie obsidian-like glass, A fossiliferous outerop of
these beds is visible at the Gulabgarh pass of the Pir Panjal, one
of the passes on the mnge leading from the provinee of Jammu
to Kashmir.
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Lithology—The Gangamaopteris heds wro eompowed of s variable
thickness of cherta, siliceous shales, carbonneeous sholes nnd
faggy beds of quartzite, which in their constitution are largely
pyroclastic. The thickness varies from u few foet at some of the
Vihi outerops to some hundreds of feet in the outerop at the
Panjal range. A peculinr rock of this series is u "' novaculite ",
well seen at Barus and at Khunmu! It is 0 compact chert-like
rock of white or cream colour, which has replaced an original
limestone by silivification, forming the base of the series and
directly overlying the trapa. The black shales of many of the
outerops of the Gangnmopteris beds sre likewise frequently ailici-
fied. On the south-west flank of the Pir Panjal, Gondwans beds
(1 Upper Tanawali) constitute a thick series of deposits some
thousands of fest in thickness consisting of partly metamorphosed
shales, phyllites, quarizose grits and sandstones, the latter showing
extensive ripple-marking, eross-bedding and colour-banding. The
series is generally burren of recognisable fossils, but from its posi-
tion nbove the Dogra slates in wide synelinul basing, with s bagal
boulder-couglomerate, and its conformable relations to the Agglo-
meratic Slate series, it is tentatively referred to the Lower Gond-
wanna.!

The Golabgarh section—The section below gives the chief com-
panents of the series viewed at the Golabgarh Pass?

Zowan seties.  Profovelspora lmedtone, Poarmisn,

| Earthy sandstones, caleare. |
oua above, passing Iuto | 250 ft,
Zowan limestones,

Hard, compnet black shales
with Glossopteris; hard

Gangs- grey anndstones and in. | 400 fi,
mopteris  terbodded  shales  with ¢
beda. Prygmophyllom,  Ganga. Lower Gondwana
mopleris and Vertehraria, {Artinskian).

Thin-bedded, buff ooloured
compact  silicoous  and | 180 fi

carbonnceons shalea,
. Baasal conglomerate, 4 O
T Upipor
Panjal traps and ash.beds, Curboniferous.

4 iim. G50 Rﬂiﬂ. 8 1o,
ikl b s, QAT vol. sxxvil. pt, 4, 1000,  For a
Zewnn see Hayiden, Bee, .81, vol. xazv. Tﬂ 1, 1a0E, 9 SmoNinc Mesion (48
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Possils —The Gondwann fossils inolude plant impressions to-
gethor with purts of the skolotons of Iabyrinthodonts and fishes,
The plants are chielly obtnined from the Golabgarh outerop, while
the vertebrate remains were obtained from Risin and Khummu,
The plants include n species of Gangamopteris sufliciently distinet
from those of the Peninsula to be named @. kashmirensis. Other
fossils are Glossopteris indica, Vertebraria andica, Callipteridium,
Cordailes (Naegyerathiopsis) and leaves of FPsyymophyilum, o genus
reluted to Gindgo. The vertebrate fossils consist of the soalos,
fins, portions of gkulls, & mandible, and fragments of the hind-
limba of Amblyplerus (u cartilaginons ganoid fish), together with
fragmentary remains of a species of labyrinthodont Archegosuirus,
and a cranium of an Actinodon species, A. risinensis.

Age—The exact horizon represented by the Gangamopteris
beds, in terms of the typical Gondwana soquence, cannot be de-
termined with the help of the plant-remains alone, although the
vccurrence of Gangamopterie suggests a relatively low horizon in
the Gondwana series.  But the nssociation of this meagroly mown
fora with marine strata below and above (viz, the Middle Car-
boniferous Fenestelln shales and the Permian Zowan beds) is an
event of the greatest importance in the stratigraphio records of
India. Tt has helped to solve one of tho most dificult problems
of Indian geology—the settloment of the procise horizon of the
Lower Gondwann system of India.

The plants resemble the charaoteristiv Lower Gondwana types
of South Africa, Australin and other countriss of the southern
hemisphere, and are thus very interesting as sffording us a glimpse
into the geography of the northernmost limit of the Gondwans
continent which included within its borders ull these eountries,

The Permian. The Zewan Series. The Zewan beds—The Per-
mian deposits, the local representatives of the Productus limestone
of the Balt-Range and of the Productus shales of Spiti, make a
very well-marked horizon in the geology of Kashmir, These
deposits have been known since an early date ua the Zewan beds,
from their exposure at the village of Zewnn in the Vihi district,
At this partioular Jocality the Gangamopteris beds are overlain
by a series of fossiliferous shales and limestones containing erowds
of fossil brachiopods and polyzos. 1n other parts of Vihi this
series Is more fully formed, the portion representative of the typi-
cal Zewan section belng succoedad by unother thick group of
limestones and shales underlying the Lower Triassic bods. The

¢
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toim “ Zewany sories " has consequontly been amplified to receive
the entire sucosssion of beds between the Gangamopteris and the
Lower Trinssio beds. The base of the Zewan series is argillaceous
in somposition, the shales being crowded with the remains of
Protoretepora, b polyzoon resembling Fenestella, The upper part
ia ealeareons, the limestone strata preponderating. In a few
shules, intercalated among the latter, is contained a fauna resem-
bling that of the Productus shales of Spiti and ather parts of the
central Himalayas. Over the top of the series there lie thin
bands of hard limestone and shalea bearing Psendomaonotis, Danu-
bites and other ammonites, marking a Lower Trins limit.

¥ih, 23.—Sowthon of ke Zewan sries, Guryul Ravine,
{Midldinminn, Hoc, Geological Swreny of Indéa, vol. xxxvil, plo4)

A thin but continuous band of Zewan rocks is seen along the
gouth-west hills of Vihi, and is co-extensive with the much more
proniinent Trinssic outorop. A few thin isolated outerops of the
series are noticed in the Pir Panjal on either side of the central
axis, overlying the trap. A more voluminous development of the
Permian is witnessed in the watershed area of the Upper Sind and
Lidar valleys, normally underlying the Lower Trias,

The following section, very well exposed in a ravine near Khun-
mu (Guryul ravine), is reproduced from Middleniiss and Hayden:
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Meekoeeras zone of the Lower Triaa,

Shales and limestone, thin-bedded. Fossile: Pssudomonatis,
Bellerophan, Danatites, Flemingiles. }lm f,

Park arenscecus shales, micaceons and oarbonncoous;, with
limestone intercalations at base. Fossils: Marginifern F300 ft
himaloyensils, Peudomonotis, sto.

Shales and limestono, crowdnd with Proforetoporn, Aﬂyﬁn} %0
royesii, Producius, Diclasma, cte. fr.

Dark grey limestone with shale partings. Fossils: Athyris, lm f.

)

Nidothyris, ete,
Novavulites and tuffaceous strata of the Gangamopleris beds.

Fossils —Fossils are prosent in large numbers in the Zowan beds,
They include one Nautilus and two geners of ammonites, Xenaspis
and Popanoceras. The lamellibranchs are Peendomonotis, Avieulo-
pecten and Sehizodus; but the most predominant groups are the
brachiopods and polyzos. The former are represented by Pro-
ductus cora, P. spiralis, P. purdoni, P. gongetiens, P. indicus,
Spirifer rajah (the most numorous), Dielasma, Martinia, Spirigera,
Spiriferina, Marginifera vikiano, M. himalayensis, Lutionia,
Camarophoria, Chonales, Derbya, ete.  Among polyzoa the species
Protoretepora ampla is present in overwhelming numbers at some
horizons, Its fan-shaped reticulate-structured zoaria resemble
those of Fenestella, but actually it belongs to a slightly differ-
ent zoological family. Acanthocladia also is a frequent form.
Amplexus and Zaphrentiz are the more common cornls.

Age of the Zewan series—From the pulacontological standpoint
the Zewan series is corrélated with the Middle Permian system of
Europe, a conclusion amply corroborated by the stratigeaphie
relations of the series to the Lower Trins. An interesting fact
revealed by the Zewan fauna is the exact parallelism of these
deposits with the middle and upper part of the Productus lime-
stone of the Salt-Range, most of the genera and many of the
species being common to the two regions. A comparison of the
faunas with the Productus (Kuling) shales of the ventral Hima-
layas also brings out the closest zoologieal affinitics betwoen these
three homotaxinl members of the Indian Permian and Permo-
Carboniferous systems,!

U D, Dioner Pol. Juddica, W.5., vol. v, nems. 2, 1005
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Permian of Jammu'

Within the sub-Himalayan zone of Jammu, representatives of
the unfossiliferous limestone, Sirban limestone of Hazara (Infra-
T'riaa series), of presumably Parmian or Permo-Carboniferous age,
evop out in & chain of lirge and small inliers extending from Riasi
to the Poonoh valley, This Is a very unusual sircumstance, which
finds only one parallel in the Tal series of the Nopal Himalayas.
In Jammu, mountainons massea of white or blue-grey dolomitic
limestone are lnid bare by the removal of the overlying Eocene
and Murree series from anticlinal tops,  The most notable of the
inliers thus exposed forms a conspionous landmark near Riasi
(the Trikuta hill). To the west of this is a series of hog-backed
masses of the same limestone Inid bare in denoded anticlines,
generally faulted in their steep south limbs against the younger
Tertinries of Jammu. The limestone, over 1600 feet thick, is
entirely barren of organio remains nnd, its stratigraphic relations
being nowhere exposed, it was doubtfully referved to the Kioto
limestone of Spiti and named the " Great limestone "', During
luter Survey work, however, some elue to the identity of the rock
has been discoversd in the interealation of the base of the lime-
stone with Agglomerntio slate—an nssociation often noticed in
the Sirban limestone of the Kaghan valley. There is also s close
lithological similarity between these outérops,

In its petrological characters this limestann shows analogy also
with the unfossiliferous Krol limestone of the Simla-Chakrate aves,
constituting s wide and long belt of post-Blaini limestone and
assoviated rocks.

The Riaai limestane possesses considerable economic importance
and forms one of the few noticenbly mineralised rock-formations
of the North-West Himalsyns. Important lodes of zine and
copper are found in the limestone, with veins of nickeliforons
pyrites and galenn., The sulphidie ores of zine and copper are
probahly metasomatic replacements, while galena and pyrites
are vein-fillings,  {See Fig. 34, p. 336.)

Krol Series of Simla

Simla Hills Area—With the exception of some intervening lime-
stones and slated of uncertain position (Shali limestone), the sya-
tem of deposits which comes next above the Simls slates is referred

LD N Wadia, Bee, (181, vol. buxii, pd, 8, 1037,



CARBONIFEROUS AND PERMIAN SYSTEMS 220

to the Upper Carbonifurous and Permian with a high degree of
probability. = As in Hazara, the bottom bid is glacial bouldor-
bed—the Blaini conglomerate—unconformably reposing on the
Simla slates or the Juunsars, succesded by pink-colourmd dolo-
mitio limestones.  Over these comes a thick series of carbonneeous
shaly slates, with hrown guartzite partings—the Infru-Krol series
—which have been provisionally correlated with the Lower
Gondwanas of the Peninsuls. The suoceoding series consists of
a thick group of massive blue limestones und shales, underlain by
partly consolidated, conrse sandstones, referred to ns tho Krol
series, from their building the conspiouous mountain of that name
near Solon. As with the rest, of the formutions of the Simla area,
the Krol limestones, so eminently adapted to preserve any en-
tombed organisms, are entirely barren of fossils, The inference
that they are homotaxial with the Sirban limestone of Huzara and
the Productus group of the Salt-Range is based on the probable
paralleliam of the sequence commencing with n glacial boulder-
bed (1 Talehir) in these areas.

The most prominent development of the Krol series is in what
is known as the Krol belt of the Oster Himalaya of Simla, extend-
ing from near Subathy to Naini Tal, o distance of 180 miles. A
very perfeot stratigraphio sequence has been worked out in this
ares by J. B, Auden, which has revealed the presence of a number
of thrusts causing overriding of Tertiary rocks by the much older
rocks we are considering here. In the neighbourhood of Solon
and Bubathy, Eocene and Oligocene rocks are exposed as inliors
("' windows ') by the erosion of the superjacent overthrust masses
of these presumed Permo-Carboniferous rocks.!

The probable equivalent of the fossiliferons Upper Carboni-
ferous and Permian of Kashmir is the thick pile of sediments, for
the greater part obviously marine, but showing oscillation to
fresh-water and terrestrial conditions, coming over the Blaini
bowlder-bed—a glacial till consisting of ice-scratohed pobbles in &
fine mateix. This is superposed by pink-coloured Blaini limestone,
the thick series of Infra-Krol carbonneeous slates and quartzites,
overliin by the prominent limestone formation of the Simla
mountains—the Krol limestone. Thongh quite barren of fossils,
the Krol series, consisting of dolomitie limestone, sandstone and
shales, is of high interest beoanse of jta tectonio complexity and
the greatly involved stratigraphy. The Krol belt of the Simla

E Ber. 5.1 vol. levil. po. 8, 1034
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Himalayus, consisting of presumably Permu-Carboniferous rocks,
builds an important seotion of the middle Himalayas from Subathu
to Naini Tal, in which mueh detailod wark has been carried out

during Iate vears.'

Earakoram and Chitral

Fossitiferous Permian or Permo-Carboniferons strata, mainly
limestones, are observed extensively formed in the Karakoram.*
According to the findings of the Italian Expedition of 1013-14,
the mountains of Gasherbrum, the Golden Throne, snd the Crystal
and Bride Peaks are built of these limestones,  Permian limestones
huve also boen observed in thoe Shaksgam valley of the range.

A great thickness of Fusulina limestone of Permian or Upper
Carboniferous age oceurs among the erystalline limestones of the
Tirich valley in Chitral. Outerups of Fusulina limestone extend
from Chitral into Russian Turkestan,

Hazara

As in the western parts of Kashmir, the Palaeozoie record of
Hazara is confined to representatives of the Upper Carboniferous
and the Permian. On the upturned trancated edges of Purana
slates, the contemporaries of Attock and Dogra slates, there comes
a boulder-conglomerate, the Tanakki boulder-bed, composed of
faceted and strinted boulders set in a fine silty matrix. This
boulder-bed (tillite}, regarded as the contemporary of the Talchir
and Salt-Range glacial conglomerats, is followed by w series of
purple and speckled sandstones and shales, the whole overlain by
dolomitic limestones, over 2000 feet in thickness, The limestone
is compact and well bedded, of purple, grey and oream colours;
ita weathering is very peculiar, giving rise to blocks with deeply
incised cuts and grooves, The rock is wholly unfossiliferous, but
from its intimate association in Kaghan with the Panjal Voleanic
series and the oocurrence of the glacial boulder-bed at its buse
there is now little room for doubting its Upper Carboniferous or
Permo-Carboniferons age. The above Hazara sequence wasd
formerly regarded as probably Devonian and named ' Infra-
Trias " from its immediately underlying the more conspicuous

LW, D, Wesd, Mesn, 0,51, vol. liii, 1028; J. 0. Auden, Ree. 28,1, vol. bavii.

pt. &, 1004
1 e Terra, Forschungen im weatlichon Eun Lun wid Komboram-Himalaypo.

Berlin, 1012,
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Trins limestone of the Sirban mountain, a prominent mountain
near Abbottabad. (Fig., 26,)
Burma

We have seon in Chapter VIIT that there is in Uppor Burma
(Northern Shan States) n conformable passage of the Devonian
and Carboniferous to strata of the Perminn nge in the great limo-
stone formation constituting the upper part of what Is known
there as the Platean limestone. (See also Fig. 15, p- 165,) In
the upper beds of these limestones there is prosent a fauna' of
brachiopods, corals, polyzon, ete. which shows on the whole fairly
close relations to the Productus limestone of the Salt-Range and
the Productus shales of the Spiti Himalsyas and the Zewan series
of Kashmir. From these affinities between the homotaxial faunas
of the Indo-Burma region, Dr. Diener, the author of many
rmemoirs on the faunas, considers all these regions ns belonging
to the same zoogeographioal province, their differences being
ascribed to the accidents of environment, isolation throngh tem-
porary barriers, and differences in the depth and the salinity of

waters, ato,

3 ‘Fi.:‘ 1 7 5 '
Fro, H—Palasoznin ek of the N, Bhan Staies.
I Mugyi sarlen (Cambirjnn 1),
D and 3. ﬁ'n -Em-l {Opdovinian),
. Numuliim beods | ]

8, Napang beds (Upper ‘Trisssic].
La Tounlo, Mem. .81, xxxbe pl. 2, 1913

The Permo-Carboniferons rooks of Burma contain two foramini-
fural limestones: the Fusulina limestons and the Schwougerina
limestone, from the preponderance of these two genera of Car-
boniferous and Perminn foraminifors.

ITI. MARINE PERMO-CARBONIFEROUS OF THE
PENINSULA

An extraordinary ocourrence has been recorded® at Umarin, in

Vindhys Pradesh, of a thin and solitary band of marine Productus
' A;ﬂhrl_mlllhin Founna of the Soughern Shan Siates, Kee, 051, vol, Ixvii,

pe. 1, 1083
PR P Binoe, Minerel Besosress of Fewa Siade, po 21, 1928,
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Hmestone in the midst of fresh-water coal-bearing beds belonging
to the Baraksr stage of the Damuda series (Lower Gondwana
aystem),
The marine intercalation is only ten foot thick and conformably
underlies the sandstone and grit strata of normal Barakar facies,
in a outting in the Umarin coal-field. Tt unconformably
avarlies the Talohir boulder-bed. The limestone bed is made up
entirely of the fossil shells of Produetus, the only other fossils
present being Spiriferina und Reticularia.
Cowper Reed considers the Umaria fauna to be quite local and
unigue, ahowing no clear affinities with the near-by Salt-Eange
provines, but rather with the Himalayan and Russian Permo-

Carboniferous provines,

This bed must be regarded as a solitary record of an evanescent
transgredsion of the sea-waters into the heart of the Peninsula,
¢ither from the north through Rajputana or from the west
conat, induced by some dinstrophic modifieation of the surface
of the land, which, however, must have been of a transient nature

snd must have soon ceased to operate.
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CHAPTER XII
THE TRIASSIC SYSTEM

Introduction—The Productus shales (Kuling aystem) of the
Himalayas and the Chideru stage of the Produstus limestons of
the Salt-Range are suoceeded by o more or less complete develop-
ment of the Triassic system. The passage in both cases is quite
conformable and even transitional, no physical break in the con-
tinuity of deposits being observable in the sequance.  The Trinssic
systom of the Himalsyas, both by resson of its enoemous develop-
ment in the northern geosynelinal zone us well as the wealth of its
contained faunss, makes a conspicuous lsndmark in the history
of the Himalayas. The nbundanee of its cephalopod fauna is
such that it has been the means of a zonal classification of the wys-
tem (2omes wre groups of strata of variable thickness, but dis-
tinguished by the exclusive oceurrence, or predominance, of a
particular species, the zone being designated by the name of the
species).  In Spiti, Garhwal and Kumaon, snd on the north-west
extension of the same axis in Kaslunir, the Triss attains o de-
velopment of more than 3000 feet, containing three well-marked
subdivisions, corresponding respectively to the Bunter, Muschel-
kalle and Keuper of Europe. In fauns as well as in lithology
there is a remarkable similarity of facies between the Himalayan
Trina and the Trias of the Eastern Alps.

Other regions where the Trias ocours, either sompletely de-
veloped or in some of its divisions, sre the Salt-Range, Baluchistan
and Burma. In the Salt-Range the Triassio system is confined to
the Lower Trins and the lower part of tho Middle Trias, while in
Baluchistan and Burma it in confined to the Upper Trinssic stages
only. In the two latter nreas it nssnmes an argillaceous facies of
shales and slates, wheroas in the Himalaysn region the system
in entirely composed of limestone, dolomites and ealeareons
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Principles of elassification of the geological record —With the Trins we
enter the Mesozoic era of geology; and before we proceed further we
might ut this stage enquire into the basis for the olassification of the
gealogieal record into systems and series, and consider whether the
interruptions ar ** blanks " n the course of the earth's history, which
have lod to the creation of the chief divisions, in the first instance in
Home of the world, were necessarily world-wide in their effects
and applicable to all parts of the world.

In Enrope the geological record ia divided into three bircad sectiona
ar groups: the Palneozoic, Mesogoic and Cainozoie, representing threa
groat eras in the history of the development of life on the earth, each of
which is separated fram the one overlying it by an easily peroeptible
and comparatively widespread physical break or “ unconformity "
Whether these divisions, so well marked and nstural in Europe, where
they wore first recognised, are wa well marked and natural in the other
parts of the worlkl, and whether these three, with their subdivisions,
should be the fundamental periods of earth-history for the whole world
aro subjects over which the opinion of geologists s shurply divided.
In the geological systems of India, ns in the other rgions of the earth,
although the distimotive featares of the organic history of the Palaeo-
zoic, Mesozoic and Cainozoie ure clesrly evident as we sscend in the
stratigraphic seals, we eannot detect the sharp broaks in the continuity
of that history at which one great time-interval ends and the next
begins, Just at these parts the geological record sppears to be quite
continuons in Indis, and any attempt at setting a limit would be s
arbitrary ns it would be unnatural. On the other hand, there are
great interruptions or “lost intervals ™ in the Indian record at
other stages (whers the European record is quite continnous) st whick
it i mueh more natursl to deaw the dividing lines of its principal
divisions—the groups. As we have alresdy seen, Sir T. H. Holland
has accomplished thia in his scheme of the eclassification of the
Indian formations. Thoogh generally wdopted in India, and best
suited to the rather imperfort character of the geolugical record as

in Indin, such n classification antd nomenclature may not be
nccsptable to those geologists who hold that the grnd divisions of
geology are universal and applicable Lo the whole world,  The subject
is diffieult to decide one way or the other, bup for the information of
the student the following view, which summarises the nrgumenta of the
Intter class of geologists with admirable hicidity, is given perbatim from
the work of Professors T. C. Chamberlin and R. D, Sulivbury:®

“YWe belleve that there 8 & nutural basis of time.division, that it is
recorded dynamically in the profonnder changes of Ehe sarth’s history,
and that ite basis is world-wide in s applicability. Tt is expressed in
interruptions of the course of the earth's history. Tt can hardly take

b Adtrmnoed Geology, vol. ik, Barly History,
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accoltl of all loeal dubails, and snnob bo spplicd with minitoness to
all localitiess, sinee geologival history s necessarily combinoous.  Bug
aven i continuous history lins its times and seasons, knd the pulsations
of history are the nataral basia for ita divisions.

* In our view, the fundamental basis for geologio time-divisions. lns:
its seat in the heart of tho curth.  Whenever the acoumulated strosses
within the body of the earth overmateh ite effective dgidity, a readjust-
ment takes place, The deformative movements begin, for rewsons
previously set forth, with o depression of the bottoms of the oeesnic
basing, by which their capuoity is inereased.  The epicontinental waters
are vorrespondingly withdrawn into thom. The offect of this is practi-
cally universal, and all continents aro affected in a similar way and
simoltanecusly. This is the reason why the olassification of one con.
tinent is also applicable, in ita larger features, to snother, though the
configuration of each individual continent modifies the result of the
chinnge, so fur as that continent is conoermed.  The far-ronching effects
of such a withdrawil of the ssa lwve been indivated repeatodly in pre-
ceding pages.  Foremost among these effoots i8 the profound influence
exerted on the evolution of the shallow-water marine life, the most
constant and reliable of the means of intercontinental correlation.
Secontd only to this in fmportance ia the influence on terrestrial life
through the comnections snd diseonnections that control migration.
Springing from the same deformative movemonts are geographic and
topographie changes, affecting not only the land, but also the sea our-
monts,  These changes affech the climate directly, and by nceelvrnting
or retarding the chemical roactions between the atmosphere, hydro-
sphere, and lithosphere, affect the constitution of both air and sea, and
thus indirectly influence the environment of life, and through it, its
evolution. In these deformative movements, therefore, there seems
tir us to be & universal, simultaneous, and fundamentsl basis for the
subdivision of the earth's history. It iz all the more effective and
applicable, becanse it controls the progress of life, which furnishes the
most available criteria for its application in detail to the varied rock
formations in all quarters of the globe.

“The main outstanding question rolative to this classification is
whethor the great deformative movements are periodio rather than con-
tinuous, and co-operative rather than compensatory. This can only
be sottled by comprebensive investigation the world over; but the
mpidly scoumulating evidence of great base-levelling periods, which
toquire essential freedom from serions body deformution as 4 neceasary
candition, has a trenchant bearing on the guestion. So do the more
tsmilinr evidences of great sea transgressions, which may best be inter.
preted s n conssquence of genoral base-lovelling and concurrent sea-
filling, abettod by eontinental creep during o long stage of body
quiesoence. It is too early to affirm, dogmatically, the dommance in
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the histary of the sarth of gread deformitive movemonts, soparated by
Tong intervals of essential quint, attended by (1) baso-lovelling, (2) sea-
filhng, (%) comtinental creop, and (4) sea-transgresalon; but i requires
littlo proplietic vision to see n proballe demaontstrtion of it in the near
future, Subwmdinate to these grnder features of historical progress,
there are fnmmmerable minor ones, somo of which appear to be rhyth-
mival and aystematio, and some fervgular and irrediielble to arder,
Thesa give rise to the locil opochs amnd episodes of esrth-history, for
whieh striot intercontinental correlation ennnot be hoped, and which
must bo pegglocted in the genoml history an bict the individnalities of
the various provinoes.

“The peticds which have been recognized in the Palieozoio and
Mesogole, elijelly on the basis of Earopean and American phenomens,
seenn to us lkely to stand for the whole world, with such emendations

nk whall pome with widening lenowledye.”

Trias of Spiti

The Triassic system of Spiti—Triassic rocks are developed along
the whole northem boundary of the Himalayas, constituting the
great searps of the plateau of Tibet, but nowhere on such o scale
of perfection as in Spiti and the adjoining provinces of Garhwal
and Kumaon. (See Figs, 14, 22 and 25.) A perfect section of
these rocks, showing the relations of the Trias to the systems below
and abave it, is exposed at Lilang in Spiti. From this cironm-
stance the term Lilang system is used as a synonym for the:
Triassic system of Spiti,

The component members of the system are principally dark-
colourod limestones and dolomites, with interealations of blue-
coloured shales. The colour and texture, besides ihe whole aspect
of the limestones, remain uniform over enormons distances without
showing local variations. This is 0 proof of their origin in the
clear deep waters of the sea free from all terrigenous sediments.
The rocks are richly fossiliferous at all horizons, a ciroumatance
which permits of the detailed classification of the system into
stages and zones. The primary division of the Himalsyan Trins
is into three series, of vory unequal dimensions, which, so far a5
they denote intervals of time, are the homotaxial equivalents of
the Bunter, Muschelkalk and Keuper series of the European
(Alpine) Trins, The fullowing seotion from Dr. Hayden's Memoir
gives a dlear idea of the classification of the system:!

¥ Geology of Spitl, Mem. 981, vol. sxxvi, pt. 1, p. 00,
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Jurassic: (Rhoaetio 1) Massive Megrlodon limestone.

Quartzites with shales and limestones: Lima,
Spririgera.
" Memobis shale *': aandy and shaly limestons,
Corn] limestone.
Keuper Juvapites beds: sandstones, shales und limestones.
2800 ft. Tropites beds: dolomitic Imestone and shales.
Grey shales: shaly Hmestone and shales with
Spirifering, Rhynchonells, Trachyeerasr, ote,
Halobia beds: hard durk lmestone with Hulobia,
Arcestes, ote.
J’Mdlﬂ limestone: thin black limestone with
shales, Daondlla, Plychiles,
W Limestone with concrotions.
' Grey limestane with Clembtifes, Siliritos, ote,
L Nodular limestone (Niti Himestone),
[ Nodular limestone,
Limestone sl shale with deiculopecten.
Bunter y Hedesistrorsmia zime,
00 fr. Meekoceran zone, M. varakea.
Ophiceras zone, O, sabuntala.
| Moceras zonw, O, woodwards.

Permian : Productus ghales.

Triassic fauna—The Lower Trias is thin in comparison with the
other two divisions of the system, snd rests conformably on the
top of the Productus shales. The rocks are composed of dark-
coloured shales and limestones, with an abundant ammonite
fauna. Besides those mentioned in the section above, the follow-
ing genera are important: Tirolites, Ceratites, Danubites, Flem-
ingites, Stephanites, with Pscudomonotis, Rhynohonella, Spirifer-
ina, nnd Retzia.

The middle division is thicker and lnrgely made up of concre-
tionary limestones. This division is also widespread and oapable
of detasiled subdivision into stages and zones, which preserve a
uniform character, both faunistic and lithologioal, over Spiti,
Painkhanda, Byans and Johar., This division possesses o groat
palaeontological interest because of the rich Muschelkalk fatma it
contains, resembling in many respects the Muschelkalk of the Alps,
The upper Muschelkalk fs especially noted for the number and
variety of its cephalopod fossils; it forms indeed the richest and
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most widely spread fossil horizon in the central and N.W, Hima-
laya. It is capped by the Ladinic stage, composed of Daonella
limestones and slates. The most typical fossil belongs to the
genus Ceratites ; besides it are the other cephalopods Plychites,
Trachyceras, Xenaspis, Momophyllites, Gymnites, Sturia, Pra-
arceates, lsoulites, Hollandites, Dalmanites, Haydeniles, Pina-
eoceras Buddhuites, Nowtilus (sp. spitiensis), Plenronaubtilus,
Syringonautilus and Orthoceras. The brachiopods are Spiriferina
and Spirigera; Daonella and Halobia ave the leading lamellibranchs.

¥, 20.—Seetion of tha Triss of Spivi.
L. Prodontum shales | Permion), 3, Muscholkalk {lower b
2, Lower Triss, 4. Muschelkall {uppup;:tl.

aftor Hayden, Mem. @51, vol. xxxvi pl. 1.

_ The uppermost division of the Trias is by far the thickest, und

is composed of two well-marked divisions—dark shales and mavl

beds in the lower part, and thick grey-coloured limestone and

dolomite in the upper, with an abundant cephalopod fauna, whose

distribution often characterises well-marked zones. The lower of
the two divisions corresponds to the Carnic and Norio stages of
the Alpine Trias, while the uniform mass of limestonss oves -
it pgl;l;;vlm_;r represents the Rhuotio of the Alps {of. Kioto limestone,

p- 250), '
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The founistio resemblance between the Trisssic rocks of the
Himalayas and Alps suggests open sea communieation maintained
by the Tethys betwoen these two areas sinve the beginning of the
Permian, This sen provided a free channel of migration sod inter-
commimication between the marine inhabitants: of the central
gone of the earth from the Mediterranean shares of France to the
eastern borders of China, and maintaimed this waterway ap to the
beginning of the Eocene period.  The commonest fossils are again:
{Ammonites) Joannites, Halorites, Trachyceras, Tropites, Juvavites,
Sagznites, Siriniles, Hungariles, Gymnites, Piyehites, Griesbachites.
Lamellibranchs are also numerous; the most commonly occurring
forms: are Lima, Daonella, Halobia, Mepalodon, Monotis, Pecten,
Awicula, Corbis, Modicla, Muytilus, Homomya, Plewromya, with
the addition of the aberrant genera Radiolites and Sphaerulites of
the Rudistae family of the lamellibranchs. The brachiopods are
very few, both ns regards number and their generic distribution,
bmng comfinod to Spivigera, Spiriferina, Rhynchonella, and their
allied forms.

The Trisssic fauna shows & marked advance on the fauna of the
Productus limestone. The most predominant element of the for-
mer {5 cephulopods, while that of the latter was brachiopoda.
This is the most noteworthy difference, and signalises the axtine-
tion of large numbers of brachiopod families during the interval.
The brachiopods can be said to enter on their decline after the
end of the Palacozoio era, a decline which has steadily persisted
up to the present. During the Mesozoic ers the brachiopods were
represented by three or four genera like Terebratula, Rhynchonella,
Spirigerina, ete. The place of the brachiopods is taken by the
lamellibranchs, which have greatly inoreased in geners and spocies.
The cephalopods, the most highly organised members of the Inver-
tobrata, will henceforth occupy a place of leading importance
‘amaong the fauna of the supeeeding Mesozoie systems.

" Exotic" Trias of Malla Johar and Chitichun—Large hlocks and
masses of Trias Hmestone of pll gizes np to mountainons mrsses
are found lyving in confused stratigraphic disorder, over varions
Mesozoie formations, at the above loealities on the Tibotan border
of Kumaon, The lithological as well ns fossil facies of these
blooks is quite different from any known in the Himalaya and is
evidently " foreign ", being allied to the Trias of the Eastern Alps,
These Triassic limestone blocks are mixed up with blocks of foreign
Permian, Jurassic and Cretaceous limestones. It is quite evident
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that these Mesozole rock-masaes wre not i their original site of
deposition, but ure truly exotic and have been transported from
a distant loeality by an agenoy that is not yet cortainly established
(shuttering by explosive voleanie action and transport by lava-
flows, or an overthrust sheet from a northern region severed by
denudation into detached masses)’ This subject is discussed
again on p. 272 in connection with the exofic Cretaceous of the

snme region in Kumaon,
Hazara (the Sirban Mountain)

The Trias is found in Hazara oceupying o fuirly large area in the
sonth and south-cust distriots of this province, resting on the pre-
gumod Permo-Carboniferons series of sediments, underlain by a
glacial conglomerate, which was formerly referred to as the
Infra-Trias. The Triassic system of Hazam consists, at the base,
of about 100 feet of felsitiv or devitrified acid lavas of rhyolitio
composition, suceesded by a thick fornmtion of rather poorly
foesiliferons limestone, in which the characteristic Upper Triassie
foessils of the other Himalayan sreas are present.  The Lower and
Middle Trins are absent from Hazara, The limestone is thickly
bedded, of & grey colour, sometimes with an oolitic structure,
Its thickness varies fram 500 to 1200 fest. These rocks form the
base of a nearly complete Mesozoio sequence in Hazara, which
though considerably thinner, is similar in most respects to that
of the geosynolinal zone of the Northern Himalayns, so typically
displayed in the seotions in the Spiti Valley and in Hundes.

oW,

Fra. 20 -—Dingrammatie sootion of M, Sirban; Hasar

1. Slate sermn. % Trine.
2, Permo-Carbonkfisrmgs, d. Jurmasio, Crotacsos.

Afvor Middismis, Memoir, Geological Survey of India, vol. xxvi.
Mt. Sirban—A locality famous for goologieal seotions in Hazara
s Mt. Sirban,  lofty hill lying to the south of Abbottabnd. Most
of the formations of Hazarm are exposed with wonderful elesmess
of detail in s number of sections along its sides (see Figs. 26 and
7), it which one van trace the whole strutigraphic sequence from
! A. Heim und A, (Ganessr, Central Himalaya, Zurich, 1037,
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the base of the Pormo-Carbimiforous to the Nummunlitie limestone,
The seotions revealod in this hill epitomise in fact the geology of 4
lnrge part of the North-West Himalava. !

O the south border of Hazara,
in the Kala Chitta hills of Attock <
district, some strips of Trins §Y%EE
limestone (Kioto or Megaloden =
limestone) are laid bare in &
serigs of denuded dspelinnl folds
of the Nummulitio limestones
which conatitute these hill-mnsses.

The Trias of the Salt-Range

The Ceratite beds—The Trias
i developed, though greatly re-
duced in its proportions, in the
wostern part of the Salt-Range.
The outerop of the system com-
mences from the neighbourhood
of the Chidern hills, and thence
cantinbes westwand up to a great
distance beyond the Indus, It
eaps the underlying Produotis
limestone (Chideru beds), and ne-
compnnies it along a great length
of the Range until the disappear-
anice af the latter beyond Kala-
bagh and the Shekh Budin hills.
The Triassic rocks of the Salt-
Range proper comprise only the
Lower Trias and » small part of
the Middle Trins in actunl strati-
graphic range, but these horizons
are completely developed, and
they include all the cephalopod-
zones worked out i the corres-
ponding divisions of the Spiti
section,  In the trans-Indus Salt-
Range the complete Triassic se-
quence ie developed, including
E Mem. (4.1 vol. ix, pt, 2. 1572, and Mem. 7.5.1. vol. xxvi,, 1808,
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the Upper Trins, the whole system Deing about 500 ft. in vertical
extent.  On nocount of the sbundance of the fossil ammonite
genus Ceratites the Lower Trins of the Salt-Range is known as the
(eratite beds. ‘The rocks comprising them are shout a hundred feet
of thin flaggy limestone, which overlie the Chideru stage quits con-
formably, from which also they are indistinguishable lithologically.
Overlying beds are grey limestones and marls, nodular at plaoes.
Besidos Cerafites, which is the leading fossil, the other nmmonites
aro Plychites, Gyronites, Flemingites, Koninckites, Prionololns, ete.
Fossil shells are found in large numbers in the marly strata, of
which the common geners nre Cardinia, Gervillia, Rhynchonella
and Terebratula. A very ourious fossil in the Ceratite beds is a
Bellerophon of the genus Stachella, the Iast survivor of the well-
known Palaeczoic gastropod.  The Ceratite beds are succeeded by
about 100 to 200 feet of Middle Trias (Muschelkalk), composed of
sandstones, crinoidal limestone and dolomites full of cophalopods,
whose distribution chamcterises zones corresponding to the lower
portion of the Middle Trias of Spiti and Kashmir, Some of the
clearest sections of these and younger Mesozoie formations are to
be seen in the gullies and nullahs of the Chidera hills of the range..
There i= a deep ravine near Musa Khel, the Nammal gorge, which
has dissected the whole breadth of the mountain from Nammaul to
Musa Khel, and the section laid bare in its precipices comprehends

Wauth of RBanine Kaan Raelne I
: 1 1 U Fanl Rivar

Frin. 28.—S8attion throogh the Balch Ravine from Muss Khal to Nammal.
Abaout satursl senle, 3 fnfles = | mile
Wrnne, Salt-Fange, Memoir, (8.0, vol. xiv.

the stratified record from the Permian to the Pliocene, with but
few interruptions or gaps.  As one walks along the section to the
head of the gorge, one passes in review the rock-records of every
sucoeeding age from the Productus limestone, throngh the repre-
sentatives of the Trins, Jurassic, Bocene and Miocens, with at the
very top the Upper Siwalik boulder-conglomerates.
After the Middle Triss there comes a gap in the continuity of
the Sait-Range deposits, indieating & temporary withdrawal of the
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sea from this area, This cessation of murine conditions has P
duced n blank in its geologival history covering the Upper Trias
and the early part of the Jurassic period.

Baluchistan

In the Quetta and Zhob distriots of North Baluchistan, outerops
of Trinssio rocks, appearing aa inliers in the antivlines of the more
widespread Liss development, are marked by the exclusive pro-
valence of the uppermost Trinssic or Rhoetic stage, no steata
reforable to the Lower and Middle Trins being found in this
provinee, The rocks are several thousand feet of shales and slates,
with & few intercalations of limestone. They contain the Upper
Trins species of Monotis and a fow ammonites like Didymites,
Halorites, Rhacophyllites.

The Trina of Baluchistan rests unconformably on an older
Productus-bearing limestone, enclosing o foraminiferal limestone,
Fusulina limestone, of Permo-Carboniferons age.

Burma

A very similar development of the Trinssic system, also re-
stricted to the uppermest {Rhaotic or Norde) horizon, ocours in
the Arakan Yoma of Burma. The fossils are a few smmonites
and lamellibranchs, of which Halobia and Monatis are the most
COTINON.

The only known occurrence of Lower Triassic rocks and fossils
in Burma was recorded by M, B, S8ahni at Na-hkam in the Northern
Shan States. Among the geners ropresented are Ophiceras,
Juvenites, Hemiprionites, Naticopsis, Platyeerns, Lingula, eto.

The fauns in of shallow-water facies, ammonites forming the
dominant element, while the calcarsous brachiopods nre entirely
absent, It therefore presents o striking contrast to the Burmese
anthracolithie faunas in which ealesreous brachiopods predomin-
ate and ammonites are absent. With the exceptions of a few
fragments of Upper Triss ammonites from the Burmo-Sinmese
frontier and a Turonian species from Ramri Tsland, the Na-hkam
fauna containg the only ammonites so far known from Burma.

Napeng series—Also, what are known as the Napeng beds ooour
it & number of scattored wnall outerops in the Northern Shan
States. (See Fig. 24, p. 231.) The beds are composed of highly
argillaceons, yollow-coloured shales and marls, with a fow nodular

strata. The fossils wre Awviculs contorta, Myophoria,
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Gervillin praecursor, Peclen, Modiolopsis, Conocardium, ete.
Although some of theso are survivals of Palaeozoie genera, the
othor fossils leave no doubt of the Trisssio age of the strata, while
the specific relations of the latter genera suggest & Rhoetic age.!

Kashmir

As s generally the case with the other rock systems, the de-
velopment of the Trias in Kashmir is on much the same scale as
in Spiti, if indeed not on n larger scale. A thivk series of compact
lilue limestone, slates and dolomites is conapicuously displayed in
many of the hills bordering the valley to tho north, while they
have entered largely into the structure of the higher parts of tho
Sind, Lidar, Gurais and Tilol valleys and of the north-east flanks
of the Pir Panjal (p. 380). The Trins of Kashimir, in common with
the whole length of the North Himalayas from the Pamirs to
Nepal, is on & scale of great magnitude, although because of its
Inck of richness in fossils, compared with the Triss of Spiti, the
system has not been subdivided zonally to the sume extent as the
lstter. A superb development of limestones and dolomites of this
system is exhibited in a serics of picturesque escarpanents and
oliffs forming the best part of the scenery north of the Jhelum.
The Trias attains great dimensions farther north in the upper Sind,
Lidar and Wardwan valleys, and again in Gurais, Tilel and Central
Ladakh, thence extending as far as the Karmkoram and Ling-
shithang plains. Another locality for the development of the
Trias, principally belonging to ita upper division, is the Pir Panjal,
of which it is the youngest constituent rock-group, capping the
voloanio beds over the whole stretch of the range from beyond
the Jhelum to Kishtwar. A great part of the Triassio on the
north-east fanks, however, is obsoured under later formations
such ea the Karewas and moraine débris.

Lithology—Limestories are the principal components of this
system, The rocks are of a light blue or grey tint, compact and
homogeneous, and sometimes dolomitic in composition. They
are thin-bedded in the lower part of the system, with frequent
interstratifications of black sandy and caleareous shales, but
towards the top they become one monotonously uniform group of
thickly bedded limestones, They compose u very picturesqué
feature of the landscapes, noticeablo from all parts of the country
by the light voloration of their outerops and their graceful long

V Mem. GALT wol. xxxic. p. &, 1913
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and undulating folds, interspersed with aras of olose plication
and inversions, both of which charscteristics hring thom out in
z
=
F 4

P, M, —8action of the Trimmio systom of Kushinir. (Middlepsia, foe, 280, val. 5l plo 3

strong relief agninst the dark-coloured, eraggy lavas and slates of
the underlying Panjals. Numerous springs of fresh water issue
from the cliffs and prominences of these limestones at the south-
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cast end of the valley, snd form the sources of the Jhelum; the
best known of thess aro the river-like fountains of Achabal and
Vernag and the multitudinous springs of Anantnag and Bhawan.
The lower and middle seotions of the system are rich in fossils, the
sbundance of the Cephalopoda and the peenlinrities of their
vertical range in the strata being the means of a fairly detailed
gonal classification of the system, all the zones of which are relited
to the corresponding ones of Spiti. The upper division of the
Trins i5 largely barren of fossils, The following succession of the
Trinssio strata may be taken as typical:

U Trias " Unfossiliferous massive limestone with occasional

NN ST curals and orinoids, Calemeaphyllin.

(Many thousand o orering atrachag and 8. heawerd zones,
fect thick.) ! Lfrzjlihmh bods.
| Pyechites horizon ; sandy shalis with calearoons
layers.
f.:ﬂn‘ﬁh lﬂ‘ll.ﬂ.: L1 LL L1} 1
Middle Trias Rhgymehonella trinodosi beds: i "

(About 800 ft.) | Gymnites and Cerabife beds: i ik
Lower nodulsr linestone and shales.
luterhodded thin limestones, thick black shales
\ anid sandy limestones.

[ Hungarites shales (position uncertain).

Lower Trias. Meekoeeras limmestones and shales.

(Over 300 f1.) | Ophiceras imestones.
aceras bids (seen nt s few localities only),

Lower Trias—At all the Permian locslities referred to on pages
295097 the Zewan serles shows a comformable passage upwards
into n series of limestons strata, which in their fossil ammonites
are the exact purallels of the Ophicerns and Meekoceras zones of
Spiti. The Ofocerns zone is recognised in the Sind valley, at the
base of the Lower Trias, curiously containing some Productus,
n survival from the Palseozaie. These in turn pass upwards,
after the intervention of m shaly zone (the Hungarites zone), iuto
the great succession of Middle Triassio limestones and shales.
The best sections of the Lower Trias are those laid bare at Pasta-
nah and at Lam, two places on the eastern border of the Vihi
district, though the sections are somewhat obseured by jungle:
growth. Fossil nmmonites are Xonodizeus (seven species), o~
ceras, Ophiceras (). sakuniala nodl five other species), Flomingites,
Vishnuites, Hungarites, Meckoceras, Sibirites, and a new genns of
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ammonite, Kasfmivites, Other cephalopods sre Orthoceras and
(ryphoceras; the lnmoellibranch, Psendomonotis, is o type form,

Middle Trias—Sections of the Middle Trias, or Muschelkalk, are
visible at muany pointa in Vihi, eg. at Pastaosh, Khrew and
Khunmu, above Pailgam in the Lidar, and in some of the tributary
valleys of the Upper Sind. The limestones of this part of the
Trins are more frequently interbedded with shales, the latter being
often bluck and srensceous.  The Muschalkalk has yielded n very
diversified faunn of vephalopods indicating the very high degree
of specialisstion reached by this class of animals, partionlarly the
order of the ammonites. The specific relitions of the types aro
in all respecta like those of the other parts of the Himalayus.

The Muschelkalk fauna—The principal forms of the Muschel-
kalk fauna of Kashmir are Ceratites (sixteon species), Hungarites,
Sibirites, Laculites, Pinacoceras, Ptychites, Gymnites (spp. sanlura,
vazantsens and other species), Buddhaites. The nautiloides nre
Syringonautilus, Uryphoceras, Paranautilus, Orthoreras,  The lam-
ellibranch genera are Myophoria, Modiola, Anomia, Anodonto-
phora; the beachiopods wre Spirifering stracheyi, Diclasma and
Rhynehonella; the gastropods aro ropresentod by & species of
Evomphalus and the sberrant genns Conulania.

Upper Trias—The Muschelkalk is succeeded, in all the above-
noted Jocalities, by an enormous development of the Upper
Trinssio strata, which are mostly imfossiliforous but for a zone of
corals, lamellibranch- and brchiopod-bearing beds included in
the lower part. An Upper Trinssio crinvidal mestone is widely
distributed in moraine heaps olothing the N.E, slopes of the Pir
Panjal, but for the greater part the formation is an unvarying
succession of thick mnssive unfossiliferons limestons. It is this
limestone which builds the range of high hills and precipices so
conspiouous by their colouring in the Vihi and the Islamabad
districts.

A broad and continnons belt of barven, light and dark grey,
Upper Trias dolomites and limestones strotches from north of
Pailgam, through the head-waters of the Sind, to beyond Gurais.
At the latter locality the Kishenganga river has excavated throngh
this limestone a broad U-shaped valloy hounded on both sides by
an imposing line of precipices, towering 4000 to 6000 feet above
the flut seree-strown bottom. The Lower and Middle Trins are
missing in Gurais, the upper flows of the Panjal trap showing a
conformable passage into the Uppet Trins.  Tn Tilel the lower part
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of the Trins is scantily developed in the south slopes of the valley.

Near Baltal the Upper Trias forms the mountaing surrounding
Kolahei (17,700 feet) and exhibits » great deal of complex folding.
In some of the major synclinal floxures of this series, between
Baltal and Zoji La it is probable that Jursssic strata of Lias or
Lower Oolite age are exposed, containing a fow badly preserved
ammonites and belemnites. The group of Amamath peaks
(17,200 feet) with the sacred esve on ita south flank is composed
of Upper Trias limestone and dolomite, at some places altered to
Zypsun. : ]

The Triassio limestone has furnished an abundant building
niaterial to the architects of ancient Knashmir in the building of
their great temples and edifices, including the famous shrine of
Martand.

Wdthnluhmir:ndﬂpfﬁmdmhgthuﬂppﬂ
Trias_The fauna of the Upper Trias is quite poor in comparison
to that of the Lower and Middle divisions. Cephalopods are
almost absent. The fow lamellibranchs -include Myophoria,
Gervillia, Pssudomonotis, Lima, Pecten, Pleuraphora, Trigonodus.
The brachiopods are Spirifering haveri, Dielasma, Rhgnchonella;
Calemophyllia iz & common coral; crinoids; Marmolatella, ete.
The rarity of the zone fossils Halobia and Daomelln, and the almost
complete abesnce in Kashmir of the cephalopods that are so
numerous and highly diversified in the Spiti Upper Trias, suggest
some sudden and effective interruption in the free intercourse and
migrations of species that had existed between the seas of the two
areas for such long ages. This intercourse appears to have been
partly re-established during the Jurassic, though not on the formor
scale, for the fauna of the lster nges that has been discovered in
Kashmir up to now, is quite scanty and impoverished in compari-
son with the Spiti fauna.
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CHAPTER XIII
THE JURASSIO SYSTEM

Instances of Jurassic development in India—In the geosynelinal
gone of the Northern Himalayas, Jurassio strata conformably
pverlls the Triassio in o great thickness of limestons snd shales.
The succession is quite normal and transitional, the junction-plane
between the two systems of deposits being not clearly deterniin-
nble in the type section at Lilang, Marine Jurassio strate are also
found in the Salt-Range, representing the middle and upper
divisions of the avstem (Oolite), The system is developed on o
mueh moro extensive seale in Baluchistan, both as regards its
vertioal range nnd its geographical extent, A temporary invasion
of the sea (marine transgression ), over a lurge part of Rajputana, in
the latter part of the Jurassic gave rise to a thick series of shallow-
water deposits in Rajputans and in Cutch, A fifth instance of
Jurassic development in India is also the result of & marine trans-
gression, on the east coast of the Peninsula, where un oscillstion
between marine and terrestrial conditions has given rise to the
interesting development of marine Upper Jurassic strata inter-
‘calated with the Upper Gondwana formation.

Life during the Jurassic—Cephalopods, especially the ammon-
ites, were the dominant members of the life of the Jurassie in all
the above-noted areas,  Although perhaps they reached the elimax
of thelr development at the end of the Trias in the Himalayan
provinee, they yet cooupied s place of prominent importance
among the marine forms of life of this period, and wre represented
by many large and diversified forms with highly complex sutured
ghells, Nearly 1000 species and over 150 geness have been found
in the Jurassio rocks.of Cutch; the majority of the species nre new
and restricted to the west Indian provines. Lamellibmnchs were
also very numerous in the Jurassic seas, and held an important
Position among the invertebrate fauna of the period. A rich
Jurnssic flora of cyeads and mni:ara peopled the land regions of

24
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Indin. The lower classes of phanerogams had already appeared
and taken the place of the seed-fern (pteridosperm) and the horse-
tail of the Permo-Carboniferous period.  The land was also in-
habited by s varied population of fish, amphibia and several
orders of reptiles, besides the terrestrial invertebrates. We have
already dealt with the relica of the latter class of organisms in the
deseription of the Gondwana system.

JURASSIC OF THE CENTRAL HIMALAYAS
Spiti
Kioto limestone—In the Zanskar range of Spiti, Garhwal and
Kumuon, ss far as the west frontier of Nepal, the Upper Trias

(Noric stage) is sucoeeded by a series of limestones and dolomites
of great thickness, the lower part of which recalls the Rhaetic of

Fro. 3, —Beotion of the Jumssie anid Croteceons rovies of Hundes.
b, Kioto Hmostone, 4. Urobiacootis fyseh,
2. Sl shales, . Basin igneoos rocks.
A Qinnsal seolatoss.
After Voo Kmiffy, Mem, O.8.7, xxxii, pr. 3.

the Alps, while the upper is the equal of the Liss and part of the
Oolite. The bottom beds of the series, containing shells of Mega-
lodon, puss up into n massive limestone, some 2000 to 3000 feet
thick, ¢alled the Great limestone, from its forming lofty precipi-
tous cliffs fuoing the Punjab Himalayas. It is better known
under the name of the Kioto limestone. The lithologioal char-
aoters of this imestone indicate the existence of a constant depth
of clear water of the sea during its formation. The passage of
time representod by this limestons is from Rhaetic to Middle
Oolite, 82 evidenced by the changes in its fauna. There is an
insignificant break in the sequence succeeding the Callovian. The
highest beds of the Kioto limestone are fossiliferous, containing a
rich assemblage of belemnites and lumellibrinchs, and are known
na the Swlearutvs beds from the preponderance of the species
Belpyunites suleacutus, The greater part of the Kioto limestone—



THE JURASSIC AYSTEM 251

the middle—is unfossiliferous. A fossiliferons horizon-—the Mega-
lodom limestone—oceurs again at the base, containing mumerous
fossil shells of Megulodon and Dicerocardinvm.  Other fossils are
Sprigera, Lima, Ammonites, Belomnites, with gastropods of
Triassic uffinities. This lower part of the Kioto limestone is also
somotimes designated as the Para stage, while the part above the
Megalodon limestone is known as the Tagling stage.

8piti shales—The Kioto limestone i overlain conformably by
the most charactenistic Jurassio formation of the inoer Himalayas,
known as the Spiti shales. (See Fig. 30.) These nre a group of
splintery black, almost sooty, mieaceous shalea, nbout 300 to 500
feet thick, containing numerous caleareous eoneretions, many of
which enclose n well-preserved ammonite shell or some other
fossil ms w nuclous (saligram). These shales enclose pyritous
nodules and ferruginous partings aod, towands the top, impure
limestone intercalations. The whole group is very soft and frinble,
and has received a great amount of erushing and pompression.
These black or grey shales show a singular lithological persistence
from one end of the Himalayas to the other, and can be traced
without any variation in composition from Hazars snd the
northern confines of the Karakoram range on the west to as far as
Sikkim on the east. These Upper Jurassio shales, therefore, are
a valunble stratigraphic unit. or ' reference horizon ', in the
geology of the Himalayas, of great help in unravelling a confused
or complicated mass of strata, so usual in mountainous regions
where the natural order of superposition is obsoured by repeated
folding and faulting.

FPauna of the Spiti shales—The Spiti shales are famons for their
great faunal wealth, which has made great contributions to the
Juraasio geology of the world, The ammonites are the prepon-
derant forms of life preserved in the shales. The enumeration of
the following genera gives but an imperfect idea of the great
diversity of cephalopod life; Phyllocerns, Lytoceras, Hoploceras,
Hecticoceras, Oppelia, Aspidoceras, Holeostephanus (Spiticeras)—the
most common fossil, Hoplites, Perisphincfes und Macrocephalites,
ench of the genera being represented by a large number of species.
Belemnites are very numerous as individuals, but they belong to
only two genera, Belemnites (B, gerundi) and Belomnopsis. The

ipal lamellibranch genera are Avicula (A. apitionsis), Pseu-
domanatie, Awcella, Inoceramus (1. gracilis), Lima, Pecten, Oatrea,
Nucula, Leda, Arca (Cueullaea), Trigonia, Astarte, Plouromya,
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osmuomy, Homomya, Pholadomya.  Gastropod species belong to
Plenrotomaria and, Cerithiem.

The fauna of the Spiti shales indicates an uppermost Jurassie
nge— Portlandian and Purbeckian, They pass conformably into
the overlying Cretacoouy sandstone of Neocomian horizon (Giumal
sandstone ).

Upper Jurnssio deposita of Spiti shales facies cover large arcas of
contral and southern Tibet, avcording to the acconnts of Sven
Hedin, and are overlain by an enormous spread of Cretaceous, The
Jurassic is folded into long isoclinel belts, carrying outlier strips
of the Cretaceons and Eocent.

The following table shows in & generalised manner the Jurassie
suopession of the Central Himalaya:

Ginmal sandstone. Lavwor
—— . L Crotaceaus.
: [ Lochambel beds
'sl'*;:f#“ £ Chiduniu: beds. Portlandian.
(00f) | Bolomnites beds.
Suleaoutus bods: Callovian,

: = (ireat thickness of massive lime-
Kioto limestons . | ™ 0 0 0 fomsilifornos. (Tagling

{3000 11, ). atage). Liss
Megalodon limestone (Para stage), { Rhaetie in
_— part).
Monotis shale. Norio.

A very similar Jurassie succession is met with in the Niti pass
160 miles east of Spiti, in the Kumaon mountains {Shalshal), and
further south-east in the Byans area near Nepal. An " exotic™
facies of Jurassic oceurs in » volesnio breceia spread over Johar
on the Kumnon border of Tibet (see p. 273) containing blooks of
limestone.  The fossils present, in this limestone indicate affinities
with the Alping Jurassic, '

Eastern Himalayas—Mt, Everest Region
Vast traots of the Himalayns east of the Ganges—the Nepal
and Assam Himalayas—are yet geologioally nnknown; but the
successive Mt. Everest expeditions have elucidated the geology
of the neighbouring tracts north of Darjeeling and Sikkim.
Hayden, Heron, Odoll, and Wager have geologically surveyed large
areas’ of Sikkim and Boothern Tibet.
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Immediately to the north of the orystalline axis of the high
range culminating in the peak of Mt. Everest there lies s broad
extensive. zone of much folded and disturbed Jurassic strata;
composed of monotonpus black shales and argillaceous sandstones,
probably the easterly representatives of the Spiti shales, The
Jurassic shales are unfossiliferous for the most part, but o fow
obsoure ammonites, belemnites and crinoids have been obtained
from them. In the tightly compressed and invertoed folds of the
Jurassio rocks are outliers of Cretaceous and Kocene (Kampa
-aystem) rocks, the latter containing Alveofing limestone; while
underlying the Jurassic shales, and adpressed against the orvetal-
line rocks at the foot of Mt. Everest on its north slopes, is & thick
sovies of metamorphosed fossiliferous limestones, quartzites and
shides (Lachi series) which has yiolded some well-preserved braoh-
fopods, Productus and Spirifer, of probably Permo-Carboniferous
affinitics. Tmnediately underlying these is a dark grey limestone,
about 1000 feet thick, followed by a vellow, slabby, schistose fimo-
stone, which together build the setual summit of Mt. Everest—
the Mt. Everest limestone series, Their age is believed to be Upper
Carboniferous or somewhat newer, The thick zone of rocks
which comes below the Mt, Everest limestons consists of meta-
marphosed folinted slates and achists referable to the Daling
sories, ‘This zone is extensively injeoted by granite of Tertiary

ago. .

The prevalent tectonic strike of the mountains hero is due
east to west, the regional dip being to the north. To the east
of the river Arun the strike undergoss o sharp bend to the
gouth.

South of the Everest-Kanchenjungn group, to as far as the
Dagjeeling Duars, the geology is more complicated, the rocks
being & complex of erystalline metamorphie schists, gneisses, and
Tertiary injection-granites, with here and there patches of the
Dalings. The latter serics ends abruptly to the south of Kutseong,
by & mechanical thrust contact in & narrow belb of coal-bearing

Gondwana rocks of Damuds age. These in turn are inverted and
thrist over the Upper Tortinry Siwalik belt of the foot-hills, the
struotural relations being hore similar to those observed all slong
the south foot of the Himalayns west of the Ganges.

 Jurassic of Garhwal Sub-Himalaya, Tal series—In the Lesser
Himalayns east of the Ganges, in the zone lying between the outer
Tertiary zone and the inner crystallme wone of the main snow-
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covered range, and distinguished by the exclusive occurrence in
it of highly metamorphosed old (Purana) sediments (allied to the
Tanaswals of Kashmir and also the Jaunsars of Simla-Garhwal),
there is noted an exceptional development of patches of fossili-
forous Jurnesio (1) beds underlying the Eocens Nummulitic limo-
stone mnd overlying the Krol beds. This iz one of the rare in-
stances of fossiliferons pre-Tertinry rocks being met with south of
the central nxis of the Himalayas, and is therefore interesting as
indicating a slight trespass of the shores af the Tethys bevond its
nsual south border (see p. 203). Tho fossile are fow and inde-
terminable specifically ! they are fragmonts of belemnites, corals
and gastropods. These beds, known ss the Tal series, overlis
with a great anconformity older limestones belonging to the
Deoban or Krol series of indeterminate Palacozoio age.

Lithologically the Tal series consiste of sandstones and black
shales with fossil plant-impressions in the lower part of the series
and arennceons blue limestones containing comminnted shells in
the upper. The principal outerops of the series are in the Tal
tributary of the Ganges, covering large areas in weatern Garhwal.
The fossils are not very helpful in indicating the exact age of the
rocks, but they approximately indiente Jurassie affinities,

Baluchistan

Jurassic of Baluchistan—Marine Jurassic rocks, of the geosyn-
clinal facies, and corresponding homotaxially to the Lins and
Oolite of Europe, are developed on a vast soale in: Baluchistan,
and play a prominent part in its geology, The Liassic beds are
composed of massive blue or black. erinoidal oolite or flaggy
limestone, interbedded with richly fossiliferons shales, attaining
s thickness of mare than 3000 feet, in which the principal stages
of the European Liss can be recognised by means of the cophalo-
pods and other molluses entombed in them. The Linssic lime-
stones are overiain by an equally thick series of massive grey,
thick-bedded limestone of Oolitic age, which is seen in the moun-
tains near Quetta and the ranges runming to the south. With the:
Callovian stage. however, there ocours a gap in the sequence
which extends to the Nescomian. The top beds of the last-
described limestone contain numerous ammeonites, among which
the genus Macrocephalites, vepressnted by gigantic specimens of
the species M. polyphemus, attaine very large dimensions,
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[The rock-systema of Baluchistan are capable of classificntion mnto
two broad divisions; comprising two entirely different types of deposita,
Onp of these, the Eastern, is mainly characterised by o caloareous con-
stitution aud comprises & vared geological sequence, ranging in age
from the Permo-Carboniferous upwards, This facies {8 prominently
displayed in the mountain ranges of E. Baluchistan, constituting the
Sind frontier. Thoe other fueics is almost entirely angilfsceous or
arenacecus, comprising a great thickness of shallow water sandstonens
and shales, chiofly of Oligoceme-Mioorne age.  The latter type provails
in the broad upland regions of W. Baluchistan, stretehing from the
\Mokran voast northwards up to the southward confings of the Helmand
desort, These differences of geological strocture and composition in
the two divisions of Baluchistan liave determined in o great messure
ita principal physical fentures.!]

All tho Mesozoic systems are well represented in East Baluchia-
tan, and are very prominently displayed in the high ground
extending meridionally from the Takht-i-Sulaiman mountain to
the Mekran coast. In the broad arm or gulf of the Tethye which,
as wo have already stated, ocoupied Baluchistan almost since the
commencement of its existence, n series of deposits was formed,
representative of tho ages that followed this ocoupation. Hesnce
the main Mesozoic formations of the Northern Himalayaa find
their parallels in Baluchistan along s tract of country folded in &
series of parallol anticlines and synclines of the Jura type, stretch-

ing in & north to south direction.®

Hazara

Spiti shales of Hazara—The Jurassio system is developed in
Hazara, both in the north snd south of the province. The two
developments, however, aro quite distinet from one another, and
exhibit different facies of deposits. The northern exposure is
similar both in its lithological and palaeontological charasters to
the Jura of Spiti, and conforms in general to the geosynelinal facies
of the Northern Himalava. The Spiti shales are conspiouous at
the top, containing some of the characteristio fauna; they overlie
a dark-grey massive limestone, 1000 ft. thick, containing Mega-
lodon and Dicerncardium. But the Jurassics of south Hazara
differ abruptly from the above, both in their composition and their

LE. W, Vieden Bee, B.8.1, vol. sxxviif. pt. 3, 1010
£ Sen vndmbmm of falochistun, R, (.51, vol, zxxviil, pt. 3, 1010,
mnel Pal. Tad. New Borlea, vol. i, mem. 1, 1900 —Entroduntion.
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fossils; they show groater affinity Lo the Jurnssio outerops of the
Salt-Range, which are chnrauoteriked by a constal, more arenaceous
facies of deposits. The Spiti shales of the Northern zone have
yielded these fossils: Oppelia, Periaphinctes, Belemnites, Inoceramus,
Cwoullaea, Pecten, Corbula, Gryphaes, Trigonia.

To the south of Hazarn the Jurassies outerop in & few inliers in
the tightly squeezed isoclinal folds of the Kala Chitta range of
hills of the Attock district. Tho horizons present are the top
beds of the Kioto (Lias) limestone, Middle Jurassio and the Pur-
beckinn (Spiti shales), closely associated with the Giumal series
of limestones and sandstones (Albian or Gault), These horizons
are squeezed together in & compressed band and are not easy to
separate. The fossils present in thess rooks are Velata, Lima,
Plicatula, Gryphaea, Chlamys, Mayaites snd Perigphinctes,

Eashmir
The Jurassic of Ladakh—In the Spiti srea, which in reality is
the direct south-east extension of the Zanskar area of the Kashmir
hasin, it will be remembored that the following sequence of
Jurassio deposits is known:

Ginmnl sandstone, Cretacoois.
 Spiti shales.
| Tapling etage, ineluding the Sules- | Jursssio.
" T, i airtus bedi.
lem hmestons. { Pare alage, incloding ‘e Mogal
don limestone.
Monotis shules, Triassie,

A sequence, roughly similar in many respects 1o this, is traceable
in some outcrops in the central and southern parts of Ladakh,
resting conformably upon the Upper Trisssic imestone, These
outerups form part of & broad hasin of marine Mesozoic Tocks.
situated upon the inner flank of the Zanskar range, and are con-
nected with the Jurassic formation of Spiti by lying on the same
strike. The lower parts of a number of these outcrops, which
include about 500 feet of dolomitic limestone, recall the Megalodon
limestone, both in their constitution and in their fossil contents.
At another loeality this group is suceeeded by light-blue limestone,



THE JURASSIO SYSTEM 257

which from ifs contained fossils is raferable to the Tagling stage.?
The Tagling stage passea conformahly up at several localities into
the Spiti shales, thet eminently charneteristio Jurnssic horizon
of Himalayan stratigraphy. It is readily recognised by its
peculiar lithology, ita black, thin-bedded, carbonaceous and mion-
ceous shales containing a few fossil-bearing coneretions. The
following forsils have been hitherto obtained from the Jurassic
of Ladakh: Megalodon, Aviewla, Pecten, Cerithinm, Nerinaa,
Phasianilla, Plourotomaria; some Ammenites, including Macro-
cophalus; numerous fragments of Belemnites; and a fow species
of Rhynchondlle and Terebratula.

With the exceptions described below, the Jurassie system has
not been recognised in the Kashmir provinee proper. It is
probable that the more detailed survey of the provinee will
bring to light further outorops of this system from remoter
distriots.

Jurassic of Banihal—An outerop of the Jursssic system is
found on the north side of the Banihal pass of the Pir Panjal in &
tightly compressed syncline in the Upper Trins, A series of lime-
stones, shales and sandstones therein, resting on the topmost beds
of the Upper Trias, has vielded a few Jurassic cephalopods and
lamellibranchs.

It is probable that similar outliers of the Jurassic exist in associ-
ation with the extensive Triassic formation of the northern flank
of the Pir Panjul between Banihal and Gulmarg, under cover of
the Pleistocene glacial and Karewa deposita, which have sheeted
the long gentls northern slopes of this mountain range.

As mentioned on page 248 the Upper Trias of Baltal appears to
pags upwards into dark carbonaceous and pyritous shales, cal-
varsous shales and limestones, containing some badly erushed and
distorted ammonites and belemnites, These are probably of basal
Jurassio, Lower Liss, nge, Theso rocks are well displayed in the
synelinal folds of the Upper Trias in the magnificent series of bare
cliffs on the north side of the Sind above Sonamarg and in the
Amarnath valley. They are well exposed in the cuttings of the
Zoji La rond above Baltal,

nmmﬂilﬁmﬂuﬁmumhm#hnwmm

olently amertained. ini the Kashmir
: this work s mmmﬁ.m-umm the Jurassic of Kealumir cen

given in any detad such as we hive given above of ths Palacozaie
‘miimis in to be said about the Cretaseous,
&

s
%



458 GEOLOGY OF INDIA

Burma

Namyau beds—Jurassic strata are met with in the Northern
Shan States, and are referred to as the Namyan beds, also some-
times designated the Haipau series. (See Fig. 15, p. 165.] The
rocks mre red or purple sandstones and shales, unfossiliferous in
the main, but the faw limestone bands have yielded a rich brachio-
pod fauns with some lamellibranchs of Upper Jurassic age.
There are no ammonites present.  This group of strata is under-
lain by shales and concretionary limestones, which have already
been referred to as the equivalents of the Rhaetic or Napeng
periea of Burni,

Rocks belonging to the Lins horizon oecour at Loi-an, near
Kalaw, in the S8outhern Shan States, enclosing a few coal-measures,
the plant-bearing beds of which have yielded, among fossil conifers
nnd cyoads, the eharsoteristio species Ginkgoites digitata. The
Loi-an ooal-measures support 6 small coal-field.

Salt-Range

Jurassic of the Salt-Bange—The middle and upper divisions of
the Jurassic are represented in the Salt-Range, ecomposed of
sandstones of variegated eolours, yellow imestones and gypseous
and pyritous shales, They coutain bands of yellow oolitic lime-
stone resembling the * golden oolite " of Cuteh, To the east of
about longitude 72° the Jurnssic is missing owing to the pre-
Tertiary denudation, which was progressively more pronounced
from west to east in the Salt-Range. In the north-western part
of the Salt-Range, near Nummal and Khairabad, the Jurassio
heds thicken to at least 1200 feet und form prominent strike ridges.
Still further west in the trans-Indus Salt-Range the gap in the
sequence bolow the Tertiary becomes much liss marked and the
Jurassic system attaing a thickness of 1500 feet near Kalabagh,
und nearly 2000 feet in the Shokh Budin hills and the Surghar
range. The Surghar range, north-west of Isa Khel, is composed
almost wholly of Jurassio and Foeene (Nummulitic) rocks,

The Jurassio strata of the trans-Indus ranges may bo summar-
ised in the following table:
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White sandstanes with doark shales, G0 ft. Cretacedts.
Neavominn fossils,

Upper Jurassic—light-coloured. thin-
bedded highly fossiliferons lime-
stones, nnd blackish arennceons

| whales. Fossili: Pecten, Lamu, Oslrea,
Homomga, Pholadomya, with several
anumoniles, belomnites and gastropods,

Middle Jurassic—white and variously | Middlo and

Jurassic strata tinted soft sandstones and elays with | Upper

(600-1500 ft.). < lignite amd coal-pactings; pyritons | Jurassic,

{aloon ) shales with subordinate bands

of linrestone and haematite, Fosalls:

obscure plant remains— Podozaneifes,

Prilophylium, Belempites, Pleurole.

maria, Natica, Mytilus, dncillaria,

Pecten, Myacites, Nerinea, Clerithinm,

Rhynchomella; ote,

Ceratite beds, 370 ft. Trinmsio.

A soction of the above type is seen near Kalabagh on the Indus;
o faller section is visible in the Shekh Budin hills and in the

A few eoal or lignite seams ocour irregularly distributed in the
lower part, and are worked near Kalabagh, and provide on an
average about 1000 tons of coal per year; some hmmnﬂl_a layers
also ocour. Fossil plants of Jabalpur affinities; enclosed in these
beds, point o the vieinity of land. A fow beds of a peculiar
oalitio limestons, known as the ** golden oolite "', are found among
these rocks, The rock is a coarse-grained limestone, the grains of
which are coated with a thin ferruginous lnyer. Fossil organisms.
preserved within these rocks consist of an assemblage m which
there are Ostren, Exogyra, species of Terehratula, numerons gastro-
pods, many ammonites and belemnites. The spines of numerons
Inrgo species of echinoids, like Cidaris, and fragments of the tests of
frregular echinoids, are frequent in the limestones.
A rapidly varying lithologieal composition of a series of strata,
stich s that of the Jurassic of the Sali-Range, is suggestive of
many minor changes during the course of sedimentation in that
‘rea; snch, for instance, as changes in the dopth of the sea, ar of
the heighit of the lands which contributed the sediments, or altera-
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tions in the courses of rivers and of the currents in the sea. The
Salt-Range Jurassic sen was connected with the coastal ses of
Cutoh through Jaisalmer and West Rajputana.

[Tt i in the west and trans-Lodus
part of the Salt-Range that the
Mesozoio group is developed in some
degree 0f completeness. In  the
eastern, cis-Indus part the Mesozoio
group is, on the whole, rather in-
completely devaloped and irregularly
distributed.

Tho structure of this part of the
Salt-HRange is ane of colosaal disturb-
ance, by which the stratigraphy of
the mountains ks largaly obseursd.

The strata by repeated folding
and faulting have noguired wuch o
vonfumed disposition that the naturl
arder of superposition is often In-
verted, while the fanlted wnd tilted
blocks lis dgninst one another in the
most intricate disorder imaginable.]

Marine Transgressions during
the Jurassic period

After the emergence of the Pen-
insuln at the end of the Vindhyan
system of deposits, this part of
India has generally remained a
land area, a continental table:
land exposed to the denuding
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= agoncies. No oxtensive maring

E deposits of any subsequent age
have heen formed on the surface of
the Peninsula since that early
date,

Nature of marine transgressions—In the Jurassie period, how-
over, several parts of the Peninsuls, viz. the coasts and the low-
lying flat regions of the interior, like Kathiswar and & large part of
Rajputans, extending northwards to the Salt-Range, wers tem-
porarily covered by the sens which invaded the lands. These
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temporary enerosclupente of the sen over whit was proviously dry
land are not uncomman in the reeords of several geologionl perioda,
and were caused by the sudden decrease in the eapacity of the ocean
basin by some deformation of the erust, such as the sinking of a
large land-mass, or the elevation of a submarine tract. Buch
invasions of the soa on land, known as " marine transgressions ',
are of comparatively short duration and invade only low-level
areas, converting them for the time into epicontinental seas.
These temporary epicontinental seas should be distinguished from
the geosynolinal or mediterranean seas. The series of deposiia
which result from these trunsgressions are clays, sands or lime-
stones of a littoral type, nnd congtitute n well-marked group of
deposits, sometimes designated by o spocial name—the Coastal
system.  One example of the Constal system we have already seen
in conpection with the Upper Gondwaon deposits of the east
const, The remaining instances of marine t ional de-
posits in the geology of India are the Upper Jurmssio of Cutoh and
Rajputana; the Upper Cretaceous of Trichinopoly, the Narbada
valley and the Assam hills; the Eocene and Oligocens of Gujarat
and Kathiswar; and the somewhat newer deposits of a number of
plices on the Coromandel coast.

Deposits which have originated in this manner possess o well-
defined sot of characters, by which they are distinguishable from
the other normal marine shallow-water deposita, (1) Their thick-
ness is moderate compared to the thickness of the ordinary marine
deposits, or of the enormous thickness of the geosynelinal forma-
tions; (2) they, as a rule, cover # narrow strip of the coast only,
tnless lowlands extend farther inland, admitting the seos to the
interior; (3) the dip of the strats is inegular and sometimes decep-
tive, owing to current-bedding and deposition on shelving banka.
Generally the dip is seawand, away from the muinland; canse-
quently the oldest beds are farthest inland while the newesl are
near the sea.  In some eases, however, » great depth of deposition
is possible during marine transgressions, a8 when fracts of the
poast, or the continental shelf, undergo sinking, of the nature of
trough-faulting, concurrently with deposition, Such was the
oase, for instance, with the basins in which the Jurassies of Cutch
were Inid down, in which the sinking of the basins admitted of a
continuous deposition of thousands of feet of constal detritus,
Such block-faulting is quite in keeping with the horst-like nature
of the Indian Peninsula, and belongs to the same system of
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ecarth movements ag Mhat  which ohuraoteriand the Gondwanm

period,
Tho marine Jurassio deposits of the cossts show an interesting

fonture: the marine transgression of these areas commences with
the Callovian stage of the Oolits, the stage which marks a definite
withdrawal of the ses from Baluchistan and o temporary pause in
deposition in the Central Himalsyas.

Cutch

The Jurassics of Cuteh—Jurussie rocks ocoupy a large area of
the Cuteh State. [t is the important formation of Cuteh both in
respect of the lateral extent it covers and in thickness. With the
exception of & few small patches of ancient crystalline rocks, no
older system of deposits is met with in this aréa. Tt is quite pro-
bable, however, that large parts of the country which at the
present day are long, dreary wastes of black saline mud and silt
(which form the Rann of Cuteh) are underlain by a substratum of
the Peninsular gneisses together with the Puranas. A broad band
of Jurassio rooks extends in an east-west direction along the whole
length of Cutoh, and they slso appear farther north in the islands
in the Rann of Cutch. Structurally the Jurassic is thrown into
three wide anticlinal folds, separated by synclinal dopressions,
with & lomgitudinal strike-fault at the foot of the southermmost
anticline. The main outerop attenuates in the middle, owing to
the overlap of the younger deposits. The aggregate thickness of
the formation is over 8000 feet, s depth quite incompatible with
deposits of this nature, but for the explanation given above.

The large patch of Jurssic rocks in Esst Kathiswar around
Dhrangadhra belongs to the same formation, and is an outlier of
the latter on the eastern continuation of the same strike.

The Moesozoic of Cuteh includes four series—Patcham, Chars,
Katrol and Umia, in ascending order, ranging in sge from Lower
Oolite to Wealden. The base of the system is not exposed and
the top is unconformably covered either by the basalts of the
Decean Trap formation or by Nummulitio beds (Eocene).

The following table, adapted from Dr. Oldham, gives an ides
af the stratigraphio snccession :

Marine sandstones with Criceems, oto.,
L sandstone snd shale with oyeuds, | Vot

(3000 ft.) mﬂil'um, and ferns (Gondwann facies).

* | Marine sandstone and conglamerate with ;ﬂ'-“"l e
Perisphinctes und Trigonia.
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¢ Bagdetone and shale with Perigphinctes
and Oppelic. Upper
x'::;lmﬁ ' | Ferruginons red and yellow sandstone ;6::““.
1] (Kantkote sandstones} with Stephano-
L oeras, Aspidoceras,
[ Dhoss oolite, oolite limestone : Pelfoesrs,
1 Aspidoseran, Perisphineles.
Chari | White Hmestonoes; Peltoesras, Oppelia. | Middle
11100 ft.) « Shales with ferrogmous nodules; FPeri- Oolite.
" wphinotes, Harpocaras.
Shales with “ golden oolite "'; Maeroez,
phalites, Oppeliiz,
jrey limestones and niarls with Oppelia,
eerals, brachiopods, ote. Lower
Patcham | Yellow eandstones and limestones with Oolite,
{1000 ft.). Trigomia, Corfieda, Cuewllaea, ete,

Base not seen.

Patcham series—The lowest member, the Pateham series, oceurs
in the Patcham island of the Rann as well ag in the main outerop in
Cateh proper. The lower beds are exposed towards the north,
and are visible in many of the islands.  The struta show a low dip
to the south, .. seawnrds. The constituent rocks are yellow-
coloured sandstones, and limestones, overlsin by limestones and
marls. The fossile are principally lamellibranchs and ammonites,
but not so numerons as in the two upper groups, the leading genera
being Trigonia, Lima, Corbula, Gervillia, Exogyra, and Oppelia,
Perisphinctes, Macrocephalites (M. triangularis), Sivajiceras, Steph-
anocerna; some species of Nantilus,

Chari series—The Chari series takes its name from a village near
Bhuj, from where an abundant fauna corresponding with that of
the Callovian stage of the European Jurassic has been obtained. It
hm}mdufnhnhmdlhnmtdm.ﬁlhnpmuihrmdurhmwn.
ferruginous, oolite limestone, knowti s the Dhosa oolite, at the
top. There also occur, ab the base, & few bands of what ia known
as the golden oolite, a limestone catposed of rounded calcarsous
grains coated with iron and set in s matrix. The chief eloment of
the fauna is cephalopods, some hundred species of ammonites

i isable in them. Tho principal genern are Peri-
sphinctes, Phylloceras, Oppelia, Macrocephalites (many specics),
Harpoveras, Pelloceras, Aspidocerna, Reineckia, Mayaites, Choffatia,
Indosphinctes, Aptychus, Grossowvria, Stephanoceras.  In nddition
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there are three or four spectes of Belemnites, soveral of Nautilus,
and a large number of lamellibranchs. The Chari group is palae-
ontologically the most important group of the Jurassic of Cutch,
beeanse it has furnished the greatest number of fossil species
identionl with known European types; it is divided into the follow-
ing zones: macrocephalus beds, rehmanni beds, anceps heds, and
athleta bods, underlying the Dhosa oolite; the Dhosa oolite, coming
at the top of the Chari series, is the richest in ammonites, being
divided [nto three well-defined zones.

The Katrol series—The Chari series iz overlain by the Katrol
group of shules and sandstones. The shales are the preponderant
rocls of this series, forming more than half its thickness. The
sandstones are more prevalent towards the top. The shales are
varionsly tinted by iron oxides, which st places prevail to such
an extent as to build small concretions of haematite or limonite.
The Katrol series forms two long wide bands in the main outerop
in Cutch; the exposure whera broadest is ten miles wide, Besides
farms which are common to the whole system the Katrol series
has, as its spocial fossils, Harpoceras, Phylloceras, Lytoceras, and
Aptychus, The other Katrol cephalopods are Hibolites, Aspido-
ceras, Waagenia, Streblites, Pachysphinctes, Katroliceras (many
species). The group is divided into lower, middle and upper,
eapped by the Zamia shales, containing fossil eyeads and other
plants. A few plants are preserved in the sandstone and
shale beds belonging to the Zamia stage, but in such an im-
perfoct state of fossilisation that they cannot be identified and
numed,

The Umia series—Over the Katrol group comes the uppermost
division of the Cuteh Mesozoic, the Umia series, comprising a thick-
ness of 2000 feet of soft and varionsly coloured sandstones and
sandy shales, The lower part of the group is conglomeratio, fol-
lowed by a series of marine sandstone strata in which fossils are.
rare except two species of Trigonia, 7', ventricoss and T'. smeei,
which are, however, very typical,  Ovey this there comes an inter-
vening series of strata of sandstones nnd shales, which, bothin their
lithological as well ay palacontological mlations, are akin to the
Upper Gondwana rooks of the more easterly parts of the Peninsuls.
The intersteatification of these beds with the marine Jurassio
should be sseribed to the same cireumstances as those which gave
rise to the marine intercalitions in the Upper Gondwana of the
east const.  After thix slight interruption the marine eonditions
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once more established themeelves, since the higher beds of the
Umin series contain many remains of ammonites and belemnites,
The Umia group has wide lateral extent in Cateh, its onterop being
much the broudest of all the series.  Its breadth, nevertheless, is
congiderabily reduced by the overlapping of & large part of its sur-
face by the Decean Trape and still younger beds. The fossils
yielded by the Umin seties are species of Williamasonmia, Pfilo-
phylium, Elatocladus, Araucarites, Brackyphylium, Cyeads nnd
Conifirs, which have been enumerated in the chapter relating to
the Upper Gondwana. The marine fossils include the genera
Urioceras, Acanthoceras, Haploceras, Umiaites, Virgatosphinctes,
Aulacosphinctes, Belemnites, with Trigonin smeed and Trigonia
ventricosa,

The Cutoh Jomssio ocks are very rich in fossil cephalopoda,
Out of the material lately collocted, L. F. Spath has distingnished
114 genera, fifty-one of which ure new to India, and nearly 000
species, s large percentage of which are of local or provineial type,
unknown elsewhere. No resemblances are detected with the
Mediterrnnean or with the North-West European provines, nor
i there seen any affinity with the Boreal provines, but there oxists
a close faunal relationship between the Jumssio of Cuteh and of

The rocks above described are traversed by an extensive system
of trap dykes and sills and other irregular intrusive masses of large
dimensions. In the north they become very complex, surrounding
and ramifying through the sedimentary beds in an intricate net-
work. The intrusions form part of the Deccan Trap series and
are its hypogene roots and branches.

Eathiawar—The Jurassic outerop of North-Esst Kathiawar,
already referred to, is composed of soft white or ferruginous sund-
stones and pebble-beda or conglomerates, In this respect, ns well
as in its containing a few plant fossils, it is regarded as of Umia
horizon, The sandstone is a light-coloured freestone, largely
quarried ot Dheangadhra for supplying various parts of Gujarat
with a much-needed building misterial.

Jurassic of Madras Coast—Strata containing marine Jurnssio

fossils are interbedded with Upper Gondwana beds in some out-
brops between Guutur and Rajabmundry on the Madras coast

(p. 100), The fossila, mostly ammonites, are badly preserved,
but L, F. Spath regards them ns showing Lower Uretaceous
uffinities, [



266 GEOLOGY OF INDIA
ERajputana

Jurassic of Rajputana—The inroads of the Jurassic sea pene-
trated much farther than Cutoh in a north-east direction, and
aversprend a great extent of what is now Rajputans. Large sreas
of Rajputana received the deposits of this sea, only & few patches
of which are exposed to-day from underneath the sands of the
Thar desert. 1t is quite probable that a large extent of foasili-
farous rocks, conmecting these isolated inliers, is buried under the
desert sands.

Fairly large outorops of Jursssic rocks oocur in Jaisalmer and
Bikaner. They have received much attention on aceount of their
fossiliferous nature. A number of divisions have been recognised
in them, of which the lowest is known as the Balmir sandstone; it
is composed of coarse sediments—grits, sandstoties and conglomer-
ates, with & few badly preserved remains of dicotyledonous wood
and leaves. The next group is distinguished ns the Jaisalmer
limeatone, composed of highly fossiliferous limestones with dark-
coloured sandstones. The limestones have yielded o number of
fossils, among which the more typical nre Pholadomya, Corbula,
Trigonia eostata, Nucula, Pecten, Naulilus and some Ammaonites.
This stago is regarded as homotaxial in position with the Char
series of Cutoh.

The Jaisalmer limestone is overlain by a series of rocks which are
teforred to three distinet stages in suocession: Abur beds, Parihar
sandstones and Badasar beds. The rocks are red ferruginous sand-
stones, succecdod by a soft folepathio sandstone, which in tumn is
succeeded by o group of shales and limestones, some of which are
fosajliferous,

Dr. La Tousche, of the Geological Survey of Indin, has nssigned
a younger (Cretacoous) age to the Balmir beds, mainly from the
evidenee of the dicotyledonous plant fossils which they contain.

Jurassio rocks are also exposed in' the southern part of Hajpu-
tana, where a series of strata bearing resemblance to the above
directly underlio Nummuilitic shale beds of Eocene age.
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CHAPTER XIV

THE CRETACEOUS SYSTEM

Varied facies of the Cretaceous. The geography of India in the
Cretaceous period—No other geological system shows a more
widely divergent facies of deposits in the different areas of India
than the Cretaceous, and there are few which cover so extensive
an area of the country as the present system does in its varied
forms. The marine geosynclinal type provails in the Northern
Himalavas and in Baluchistan; parts of the Coromandel coast
bear the records of a great marine transgrossion during the Ceno-
manian Age, while right in the heart of the Peninsula there exists
a chain of outerops of marine Cretaceous strata along the valley of
the Narbada. An estuarine or fluviatile facies is exhibited in &
series of wide distribution in Madhya Pradesh and the Decean.
An igneous ficies is represented, in both its introsive and extru-
sive phases, by the records of a gigantic voleanic outburst in the
Peninsula, and by numerous intrusions of granites, gabbros and
other plutonic rocks in miny parts of the Himalayas, Burma and
Baluchistan, This heterogensous constitution of the Cretaceous
ia proof of the prevalence of very diversified pliysical conditions
in India at the time of its formation, and the existence of quite
s different order of geographical features, The Indian Peninsuls
vet formed an integral part of the great Gondwann continent,
which was still & more or less continuous land-mass strotehing
from Africs to Australin. This mainland divided the seas of the
south und east from the great central ocean, the Tethys, which
kept its hold over the entire Himalayan region and Tibet, ontting
off the northern continents from the southern hemisphere, A deep
gulf of this sea ocoupied the Salt-Range, Western Sind and Balu-
chistan and overspread Cutoh, and at one time it penetrated to
the very centre of the Peninsula by s narrow inlet through the
present valley of the Narbada, The southern sea at the same time

encroached on the Coromandel doast, and extended mueh Turther
2608
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north, overspreading Assam and probably flooding a part of the
Indo-Gangetic depression. It is a noteworthy fact that no com-
mumication existed between these two seas—of Assam and the
Narbada valley—although separated by only o small distance of
intervening fand.

While such waa the geography of the rest of India,; townrds the
end of the Urotaceons the north-west part of the Peninmla was
converted into a grest centre of voleanicity of a type which has no
parallel among the voleanic phenomena of the modern world.
Hundreds of thousands of square miles of the conntry between
Southern Rajputana and Dharwar, and in breadth almest from
const to coast, were inundated by basio lovas which covered, under
thousanda of foet of basalts, all the previous topography of the
country, and converted it into an immense volcanic platean.

Wa shall consider the Cretaceons system of India in the follow-
ing order:

(i) Cretaceons of the Extra- Peninsula :
Himalsyan Regions.
Sind and Baluchistan.
Salt-Hange.
Assam.
Burma,

(i) Crelaceous of the Peninsula:
Coromandel Coast,
Narbada Valley,
Lameta series ; Infra-Trappean beds.
Western India,

(iii) Deccan Trap.
CRETACEOUS OF THE EXTRA-PENINSULA

Northern Himalayas

Spiti: Giumal sandstone—That prominent Upper Jurassio for-
mation, the Spiti shales, of the northern ranges of the meu.hym
constituting the Tibetan zone of Himalayan stratigraphy, is over-
lain ut n number of places by yellow-coloured siliceons sanrstones
and quartzites known as the Giumal sandstone. (See Fig. 30.)
I the Spiti area the Giumal series hos o thickness of about 300 feet.
The deep and clear waters of the Jurdssic sea, in which the great
thickness of the Kioto limestone was formed, had shallowed per-
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ceptibly during the deposition of the Spiti shales. The shallowing
became more marked with the deposits of the next group contain:
ing fossils of Neocominn age. These changes in the depth of the
sea aro discernible as much by a change in the characters of the
sedinients as by changes in the faunas that are preserved in them.
The desper-water organisms have disappeared from the Giumal
faunas, except for a few colonies where deep local hasins persisted.
The fossil organisms entombed in the Giumal sandstone include:
{Lamellibranchs) Cardiem, Ostrea, Gryphaea, Pecten, Tellina,
Psewdomonatis, Arca, Opis, Corbis, Cucullaen, Tapes; (Ammaonites)
Holeostephanus, Acanthodiscus, Perisphincies, Hoplifes.

Chikkim series. Flysch—The Giumal series is succeeded in the.
area we are considering st present by a group of about 250 feet of
white limestones and shales. Fossils are found only in the lime-
stones, which underlie the shales. This group is known as the
(hil:kim series, from a hill of that name in Spiti. The Chikkim
sorips is also one of wide horizontal prevalence, like the Spiti
shales, outerops of it being found in Kashmir, Hazara, Kumaon,
Tibet, Afghanistan and Perain. The fossils that are preserved in
the limestone are fragments of the guards of Belemnites, shells
of the peeuliar lamellibranch genus Hippurites (belonging to the
family Rudistae) and o number of foraminifers, e.g. Nodosaria,
Crislellapia, Textularia, Dentallina, eto., congeners of the fora-
minifers whose tiny ahells have contributed to the ehalk of Eurdape,
I the areis adjscent to Spiti the Chikkim serieg Iz overlain by o
younger series of Cretaceous rocks, composed of i great thickness
of unfossiliferous sandstones and sandy shiales of the type to which
the name of Fiyzsch® is npplied. (Sea Fig, 30.) The Cretaceous
flysch gives further evidence of the shallowing of the Tethys and
ita rapid filling up by the coarser littoral detritus, With the Aysch
deposits the long and uninterrupted geosynelinal conditions ap-
proached their end, snd the Chikkim series may be regarded as the
last legible chapter in the long history of the Himalayan marine

. The flysch deposits that followed mark the gradual
emergence of land, and the receding of the shore-line further und
further north. The Himalaysn continental period had already
begun nud the first phase of its nplift into the loftiest mountain-

I The typical Flyseh bs & Pertiary formation of Switserland, and s compemed
n&mmmmﬂydmmndMMM'ﬂlh

eoumtry, Iis age in Eoceno o () Fousils are rare ur alsent sliogether
mmhhm.m.%mmmmmmﬂ
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chain of the world commoncod, or wae about to eotmence,

In the gonernl retreat of the Tothys from the Himalayan pro-
vinee at this period, scattered basing were left at u fow localities,
«g. in Central Tibet, Hundes and Ladakh. In these srens the
soa retained its hold for & time, nnd laid down its charnoteristic
depoeits till about the middle of the Eocene, when further crustal
deformations drove buck the last traces of the sea from this part
of the earth.

The Kampa system of Tibet—The geological composition of »
large area of Central Tibet, lying between Ladakh and Shigatae,
ig now known from the rock and fossil colleotions bronght by Sven
Hedin, An extensive spread of Cenomanian limestones covers
thousands of square miles of the surface, underlain by Giumal
sandstones (of Neocomian and Gault age) and the shales and
sandstones of Spiti shales facies.. The important Cretaceous fossils
oceurring in these limestones nre Pracradiolites, several species of
Orbitolina and Choffatella. This vast cover of Cretaceous rocks
supports in the south a wide extent of Eocene rocks (Kampa
aysiem) and post-Eocene sediments, extending from Gartok, to
the north-wost of the Manasarowar lake, to the vicinity of Gyantse.
In the north of this ares the Cretaceous cover supports patches of
newar Tertiary and Pleistocens sediments containing mammalian
bones and other remains.

Chitral—In the Chitral ares the Middle Cretaceons is
by Hippurites limestone and Orbitolites limostone in narrow faulted
bands which run along the general strike of the country (N.E.-
S8.W.). These pass upwards into the Reshun conglomerols of
Upper Cretacsous or Lower Tertiary age.!

Further evidencs of the distinctly intrnsive nature of extensive
belts of granitoid goeiss of the Central Himalayan Gneiss fucies
has been recorded by Tipper in Chitral. Numerous bosses of
granite are found to have invaded Mesozoio strata in some cases
inferred, on fossil evidence, to be of Jurussic age.

Cretaceous of Malla Johar, Eumaon

500fest of Giumal sandstone of the usunl composition are overlain

by Belemwite shale and flysch type of sediments. The more inter-

esting Cretaceous development of this nrea, however, is m great

thickness of voleanio tuffs and breceis which contain, embedded

in them, blooks and lnrge masses of sedimentary rocks of various
L . H. Tipper, Rec. (8.1, vol. v, p. 36, and vol. Ivi. pp. 44-48, 1034,
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nges ranging from Permian to Uretaceous.  [See below, Exotie
Blovks of Johar. p. 271.)

Plutonic and volcanic action during Cretaceous—1'he history of
the latter part of the Cretaceous age, and the ages that followed it
immediately, is full of the flnmﬁi of widespread ignoous action on
a large scale, bothi in its plutonic us well as in its voleanic phase,
An immenso quantity of magma was intruded in the pre-existing
strata, as well sa ejocted at the surfice over wide areas in Bala-
chistan, the North-West Himaloyas, Kumnon Himalayas and
Burma. Masses of granites, gabbros and peridotites cut through
the older rocks in bosses wnd veins, lnecolites and gilla, while the
products of voleanie action (lavs-flows and ash-beds) are found
interstratified in the form of rhyolitic, andesitic and basaltic lava
gheets, broccins and tuffs. The ultrabasic; peridotitio intrusions
of these and slightly subsequent ages are at the present day found
altered into serpontine-mnsses bearing some useful avcessory pro-
ducts that have been separated from them by the process of mag-
matic segregation.  Of these the most important are the chromite
mnsses in Baluchistan, the semi-precious mineral jadeite in Burma,
and serpentine in Ladalkh.

A great proportion of the granite which forms such s prominent
part of the erystalline core of the Himalayns, forming the broad
central belt betweon the outer Tertiary zone and the inner Tibetan
zoue, is also tentatively referred, in a great mensure, to the igneous
nctivity of this age. Three kinds of granites, as stated before, are
recognised in the Himalayan central ranges, wiz. biotite-granite,
which is the most widely prevalent, homblende-granite and tour-
maline-granite, but it is quite probable that all the three huve been
derived by the differentiation of one originally homogensous
magma,

As will be slluded to Iater, this outburst of igneous foroes is
connected with the great physico-geogrphical revolutions of the
eirly Tertinry period, revolutions which culminated in obliternting
the Tethys from the Indian region snd the severing of the Indian
Peninsuln from the Indo-African Gondwana continent,

Alpine Mesozoics in Kumaon
" Exotic "' Blocks of Johar—Aocording to von Krafft, the
records of an extraordinary voleanic phenomenon are witnessed in

um:!neul:iunwith the Cretaceous rocks of the Kumaon Himalayas.
Lying over the Spiti shales und Cretaceous rocks of Johar, on the
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Tibotun frontier of Kumaon, are o number of detachoed hlooks of
sodimentary rooks of all sizes from ordinary boulders to blacks of
the dimensions of an entire hill-mass. These lie in & confused
pell-mell manner, in all sorts of stratigraphio discordance, on the
underlying beds. From the evidence of their contained fossils
these blocks are found to belong to almost every age from early
Permian to the nowest Cretaceous,  But the fossils reveal another,
more curious, fiuet that these rock-masses do not belong to the
Spiti or Himalayan facies of deposits, but are of an entirely foreign
facies of Permian, Trisssic und Jumssic (more allied to the Alpine
fatmistic province) prevailing in a distant northermn locality in
Upper Tibet. Such a group of * exotic ™ or foreign blocks of
rocks, out of all harmony with their present environments, were
at first believed to be the remnants of denuded recumbent folds,
or were ascribed to faulting, and were considered as analogous to
the ** Klippen " of the Alps. But from the ciroumstance of the
olose associntion, and sometimes even intermixing, of these blocks
with great musses of early Tertiary voleanic products like hasalts
and andesites, an altogether novel method of origin has heen
suggested, viz, that these blocks were torn by a gigantic voleanic
explosion in North Tibet (such as is conneoted with the production
of voleanic agglomerates and breccias), and subsequently trans-
ported in the lava inundation to the positions in which they are
now found.  The mode in which these blocks nre scattered in cou-
fused disorder is not in disagreement with the above view af their
otigin. These foreign, teansported blocks on the Kumaon frontier
are known in Himalayan geology as the exotic blocks of Johar.
Eimﬂuphmnm&mmmmrdadinmmuthﬂmdm
Himalayas as well. \
In view of the nappe structures lately observed and mapped in
the Kashmir, Simls and Garhwal Himalayas, it appears highly
probable that the Malla Jobhar blocks, some of which are found
building the tops of prominetit mountains, may after all prove 'ﬁ
be tectonic phenomens and linve to be rogarded s the “ klippen
they were once conjeotured to be, the severed frontal ends of
nappes or horizontally lying folds, whose main bodies have been
denuded away. According to Armold Heim, these oxotit blocks
of Johar not only ooeur us isolated masses huhlauformnhut;ll.-l:::
expanses covering several aquare miles of mountainous country.
“Arnold {iansser,
Conirel Himalane Suios amwm“xﬂﬂﬁ?ﬁ:ﬁ‘ e 2 h Baley,
Narure, val, 104, p. 702, 1044
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Kashmir

1f the account of the Jurnssio system of Kashmir is meagre, that
of the Cretaceous rocks is still more o, 1t iz only at o fow locali-
ties that rooks belonging to this system have been discovered; all
of these lie in distant unfrequented parts of Kashmir, either on
the Great Himalayan range between the Burzil and Deosai or in
the Zunskar range in the Ropshy province. The great develop-
ments of the Cretaceous rocks of Spiti and ita surrounding places,
the Ginmal sandstone, the Chikkim limestone and the enormons
flyach-like series, have not yet been recorded in Kashmir, though
from the fact of their ocourrence in the western provinee of Hazara,
it is probable that these series may have their parallels in the
Skardo and Ladakh provinees of Kashmir in a fow attenuated
outarops nt least.

The Chikkim series of RBupshu-Zanskar—Two or three small
patches of Cretaceous rocks ocour in Rupshu which correspond
to the Chikkim series in their geological rolotions. They are com-
posed of a white limestone, as in the type area, forming some of
the highest peaks of the range in Ladakh. No fossils, however,
have been obtained from them hitherto.

Cretagepus Voleanie Series of Agtor, Burzil and Dras

A highly interesting group of voleanie rooks—laminated ash-
beds, tufls, agglomerstes, coarse agglomeratio conglomerates and
bedded basaltic lava-flows, nssociated with marine Ceetaceous
limestones on the one hand and with & varied group of acid and
basic plutonic intrusivea—granites, porphyries, gabbro and ser-
pentine—on the other, has lately been discovered during the geo-
logical survey of North Kashmir.' These rocks are folded into &
synelinal trough lying among the Salkhalus, extending from south-
east of Astor to bevond Dras, traversing the Grest Himalayan
range at the head of the Burzil valley in & 12-mile-wide outerop..
The stratified voleanic series, several thousand feet in thickness,
contains numerous pedimentary layvers and lenticular intercala-
tions of fossiliferous limestones and ghales, with forsminifers, lnm-
ellibranchs, gastropods, ammonites and eorals, among which the
bmtpmwadfomhmthuﬂmhmmﬁuﬂmnﬂum
(ef. O. bulparica),

Fully half the bulk of the Burzil outerop is oecupied by intrusive

b I, N. Wadin, Rec. 6.5.1, vol. Txxil. pt. 2, 1037
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hornblende-granite, which has penetrated the basic voleanics in
bathyliths and in anastomosing sills and veins, while mas-
sive stocks nnd bosses of pyroxenite (converted to serpentine)
and gabbro are of local provalence st various points in the
outerop.

It is clear that the belt of the Bursil-Dras Cretaceous voleanio
series is in struotursl continuity with the wider development of
the Lower Tertinry voleanios of the Upper Indus valley of Ladakh
and Kargil, and constitutes its north-west prolongation along the
strike.

The most interesting feature of the rocks we are now considering
is the injection of fossiliferous Cretaceous sediments by » granite,
ane of the three varieties of common Himalayan granite, whose
post-Cretaceons age is thus settled beyond doubt, This granite
overspreads s large extent of the country from Astor to the
Deosai platosu.

Ladakh—Drew has recorded the ocourrence of Hippurite lime-
stone, of Cretaceous age, in the Lokzhung range of mountains, on
the furthest northern boundary of this State. Another indication
of & Cretaceous formation in the Ladakh provinoe is furnished by
the discovery of the Cretaceons fossil, Gryphuea vesiculoss, ut o
placo named Sajna, onthe road from Leh (the Ladakh espital) to
Yarkand, from s group of caleareous sandstones. Stoliczka has
also recorded the ocourrence of Hippurites shells in some parts of
the same province. It is probable, therefore, that the detailed
examination of the country by the Geological Survey which is at
present in abeyance may disclose a well-formed Cretaceous series
in these parts correlated with the Spiti and Hazara Cretaccous,

Middle and Upper Cretaceous sediments containing Orbitolina
and Hippurites are met with in Chiteal underlying the Tertiary
Reshun conglomerate. _

The thick pile of voleanic ejectaments, deseribed above, with
intercalated sedimentary Inyers and lenses of limestone containing
Orbitolina and other formminifers, corals, and echinoids, runs from
south-enst of Astor to beyond Drns in Ladakh, The minéral chro-
mite is associnted with tho gabbro and serpentine intrusive into
the series. There is local conoentration of chromite into workable
ore-masses which would be of economic importance in a more
acceasible locality. 'This is the north-west extension of the basal
part of the much more extonsive zone of Eocene voloanic and
marine sediments of the upper Indus valley from Kargil to Hanle
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in 8.E. Ladakh (p.318). The vertical extent of this elastic voleanio
series reaches several thousand feet and in its width the belt is
over 12 miles acroass the strike where it is traversod by the Burzil
valley. Dolerite, gabbro and pyroxenite masses and stocks,
together with bathylithe of hornblende-granite, are injected nto
these rocks and have given rise to n varied suite of alteration

products.
Hazara

Representatives of the Giumal sandstone are found in north
Hazara capping the Bpiti shales, in a group of dark-coloured,
close-grained, massive sandstones, caleareous shales and shelly
limestones containing Ostrea and Trigoniz. The Giumal sand-
stong passes up into s very thin arenseeous limestone only some
10 to 20 feet thick, but containing u suite of fossils possessing
aflinities with the English Ganlt. The leading fossils are ammon-
ites, of typically Cretaceous genera, like deanthoceras (in great
numbers), Aneyloderas, Andsoceras, Lyilliceras, Hamites, Baculites,
gto., the latter forms being characterised by possessing nn uncoiled
shell. There are also many Belemnite remains, The Cretaceous
limestone is overlain by o grest development, 400 feot, of well-
bedded grey limestone, sucoeeded by limestones of the Eocene
system—the Nummulitic limestone—muoh the most conspionous
rook-group in all parts of the Hazara provinee.  In south Hazars,
the Giumal sandstones, with T'rigonia, pass upwards into sand-
stones with shelly limestones of Albian age, These are overlain
by Nummulitic limestone, In both north and south Hazara, the
junetion with the Eocene is umoonformable, marked by & layer
of laterite,

The Ginmal series also ooeurs in the Attock district; in the hare,

perfectly exposed south face of the Kals Chitta and Margals hills,
near Rawalpindi, overlying the Spiti shales, are about 100 feet of
ochreous limestones, green sandstones, and marls, containing
ammonites of Albian sge, They oconr in vividly coloured sharply
defined bands and the outerops serve to defing the compressed
anticlinal fexures of the Nummulitic limestones of these
ranges,
The Gault, or Ginmal series, has also been observed with identi-
enl fossil ammonites in the Kohat district and, in & somewhat
more fully developed sequence, in the Samana range. It is there
underlain by a lower Cretaceous stage with Holcostephanus.
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Sind and Baluchistan

Cretaceous of 8ind.  Cardita beaumonti beds— Upper Cretaceous
rocks indicating the Companinn and Maestrichtian horizons (Upper
(Thalk) are developed in Sind in one loeality only, the Laki range.
The bottom beds are about 300 feet of whitish limestones, contain-
ing echinoids like Hemipneustes, Pyrina, Ulypeolampas, and »
number of mollusos. Among the Iatter is the-genus Hippurites,
#0 characteristic of the Cretaceous period in all parts of the world.
This hippurite limestone is a local representative of the much more
widsly developed hippurite limestone of Persia, which is prolonged
into south-eastern Rurope through Asin Minor. It is sueceeded
by o group of sandstones and shales, often highly ferruginous,
some beds of whioh vontain ammonites like Indoceras, Pachydiscws,
Baculites, Sphenodisous, eto. These are in turn overlain by fine
green arennceous shales and sandstones, unfossiliferons and of o
flysch type, attaining & great thickness. An overlying group of
‘sandstones is known as the Pad sandsione. The top beds of thia
sandstone consist of olive-coloured shales and soft sandstones,
the former of which are highly fossiliferous; the commonest fossil
being Cardita beaumonti, s lamellibranch with a highly globose
shell. This group is designated the Cardita beaumonii beds. Other
foasils include Ostrea, Corbula, Cytherea; Turritella, Natica; Caryo-
phyllia, Smilotrochus, and other corals ; ochinoderms ; and spme
remaing of vertebrae Lelonging to s species of crocodiles. The
Cardita beds are both interstratified with as well as overlain by
sheets of Deecan Trap basalts, one band of which is nearly 100
feet thick, of amygdaloidal basalt, The age of the Cardita beds,
from the affinities of their contained fossils, is regarded as upper-
most Cretncegus (Danian).

Cretaceous of Baluchistan—The Cretacoous system as found de-
veloped in Baluchistan is on a much more perfect seale than in
Sind, covering n fur wider extent of the country and attaining s
greater thickness, In this area, moreover, the Lower Cretaceous
horizons of Wealden and Groensand ages are also represented,
having been recognised in a series of shales und limestones, resting
upon the Jurassic rocks of Baluchistan, lmown respectively as the
Belemmite shales and the Park limestone. The lower, belomuite
beds are & series of black shales crowded with the guards of
belemnites. They sre overlain by & conspicuous thiok mass of
varionsly coloured siliceous limestones, 1500 feot in thickness,
extending from the neighbourhood of Karnchi to beyond Quetta
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in one almosl eontinoons outerop.  The Parh limestone i in the
main unfosziliferonz excopt for a fow sholls, e.g. ITnoccramus, Hip-
p'l'.l.l'!'l'{'l; and pome corals,

The Upper Cretaceous sequence of Baluchistan rests with a slight
unconformahility on the eroded surface of the Parh limestone,
This sequence iz broadly alike in Sind and Baluchistan, and the
account given above applies to both. In Baluchistan, however,
the fiysch deposits sre found developed on o larger scale than in
Sind, snd form s wider expanse of the country. They nre dis-
tinguished as thy Pub sandstone, from the Pab range in Baluchistan.
The upper beds of the Pab sandstone are the equivalents of the
Cardita beauwmonti beds of Sind,

The Upper Cretaceous of both Sind and Baluchistan, especinlly
the Cardita beawmonti beds, is Inrgely associated with volvanie
tuffs and basalts, the loeal representatives of the Decean Traps of
the Peninsuls. In Baluchistan there wre also lurge bosses and
dykes of gabliros and other basie plutonio rocks piercing throagh
strata of this age.

It should be noticed that the upper parts of the Umia beds de«
seribed with the Jurassic rocks of Cuteh wre of Lower Cretaceous

age—Wealden.

Salt-Range

The Uretaceons system is rather inconspicuonsly developed in
the cis-Indus Salt-Bange, the principal fossiliferous outerops being
beyond the Indus in the Chichali hills, Makerwal snd around Kala-
bagh. Only the lower Cretaceous is present; the rocks, consisting
of white and yellow sandstones and shales with s basal stage of
bluck shales and glavconitic sandy marls, Belemnite shale, rest
upon the Jurassic and are overlain by the Eovene. A righ Neo-
comian fasmna of cephalopods churacterises the belemnite beds.
Tha principal geners are Holcostephanus (very common), Spiti-
ceris, Neocowifes, Blanfordicerns, Belemnopsis, and Hibolites.
Some reptilian and fish remnins together with Ezogyra, Pecten,
Pholadomya and a few other molluses are associated with these.
Only the Lower Cretaceous up to the Alhian is present: the Middle
snd Upper Crotaceous is missing from the Salt-Range area, the
junction with the next succeeding Ranikot stage of the Eocene
E;Ihumtim}heingnmnkndhi;tm.dmﬂhdhyahdd'

terite,
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Assam

With the exception of & narrow balt of interrupted Lower
(londwana outcrops stretching from Darjeeling to the Abor
country, the oldest fossiliferons sediments of the Assam region
belong to the Cretacenns systom of deposits prominently seen in the
Shillong plateaun region. Tn this area, Cretaceous sandstones lie
on an irregular surface of Shillong guartsites and other metamor-
phio rocks, The basal bed is usunlly an irregular conglomerate
interbedded with sandstone. This Is followed by glauconitie
sands and a pale-coloured earbonaoeaus sandstone which contains
plant remains. There is much lateral variation and most of the
sanidstones are unfossiliferous, but below Cherrapunji there has
been found in n series of massive sandstones (Mahadek stagr)
# large fanna indicating a Cenomasnian horizon. The leading
genern are Hemiaster, Anisoceras, Baculites, Gryphaea, Pecten,
Nerita, Spondylus, Inoceramus, Vola, Ohlamys, Lyria, Rostellarin,
Turritella, ete., togethor with many plant remaina. The organic
romains of this group of bads prove their identity with the much
better known and more pecfoctly studied Cretaceons of the south-
east. coast of Trichinopoly.

The Cherra sandstone, formerly rogarded as the upper part of
the Crotaceous, is now thought to be the lowest member of the
Eosenn (p. 388).

On the Shillong plateau (which includes o lnrge part of the
Garo hills and of the Khasi and Jaintia hills) the Cretaceous and
averlying beds are nearly horizontal and form smill scattered
outerops, but along the southern edge of the platesu the Cretace-
ous beds are nearly 1000 feot thick and plunge steeply southwards
belaw the Tertinries or into the alluviam at the foot of the plateau.

Burma

Tn the Arakan Yoma of Burma, and in the southward continua-
tion of the same strike in the Andaman Islands, is found » large
thickness of beds which are st least in part Cretaceous. Owing
to the paucity of fossits and our lack of knowledge of the complex
Arakan Yoma country, the classification af these heds is uncertain.
The Mai-i series is largely sandstone and dark shale but it includes
an urgillaceous limestone with Sehloenbackic inflitus, The Negrais
series includes sandstones and shales, somewhnt metamorphosed,
evidently o fysch deposit recalling that of Sind and Baluchistan.
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The uppermost Cretaceous contains Cardifa beawmonti, also
characteristic of beds in Sind snd Baluchistan.

Among the intrusive Cretaceous rocks of Burma nre masses of
serpentines traversed by veins of jadeite, which yield the jadeite
of commeres for which Burma is famous (p. 484).

Crefaceous rocks huave lately been found in the Irrawaddy river
defile near Yanbo in Upper Burma, containing species of Orbitolina
allied to those ocourring in the Cretaceous of Eastern Tibet.
This suggests an extension of the Cretacecus sea of the Tibetan
zone of the Himalayas into Burma,!
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CHAPTER XV
THE CRETACEOUS SYSTEM (Conbinued)

PENINSULA

Upper Cretaceous of the Coromandel coast—Upper Cretaceous
roeks of the south-cast const of the Peninsula form one of the most
interesting formations of South India, and have been studied in
great detail by many geologists and pulseontologists. They are
a relio of the great marine transgression of the Cencmanian age,
whose records are seen in many other purta of the world, besides
the coasts of the Gondwana continent in India as well as Africa.
Three small inliers of these rocks ocour among the younger Ter-
tiary and post-Tertiary formations which cover the east coast of
the Peninsula, Their bottom beds rest either upon & basement
of the ancient Archaean gneisses or upon the denuded surface of
some division of the Upper Gondwana, As is usunl with deposits
formed during transitory inroads of the ses, as mentioned in a
previous chapter, the dip of the strata i townrds the sea, hence
the outerops of the youngest stage oocur towards the ses, while
the older beds are seen more towards the interior of the mainland.

Interest of the south-east Cretaceous—South of Madras these
rocks are exposed in three disconnected patches, in which all the
divisions of the Cretaceous from Cenomanian (Lower Chalk) to
Danian (uppermost Crotaceous) are present,  The most southerly
outerop, wiz, that in the vieinity of Trichinopoly, has an sres of
from two to three hundred square miles, while the other two are
mueh smaller. But the fauma preserved in these outerops is of
remarkable interest and of inestimable value alike on acoount of
the multitude of genera and species of old-world invertebrata
that are preserved, and for the perfect state of their preservation.
Sir T, H. Holland spenks of these three small patches of rocks us
forming o little museum of palacozoology, containing more than

1000 species of extinet mollusea, including forms which thraw
28l
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much light on the problems connected swith the distribution of
land and sea during the Cretaceous, Their distribution and their
reliations to the Crotacecus fauns of the other Indian and African
regions, from Madras to Madagasear and Natal, have much to tell
about the geography of the Gondwana continent at this epoch, and
of the barriers to inter-oceanio migrations of life which it interposed.

The Cretaceous rocks of South India are classified into three
stages in the arder of stiperposition:

Ariyalur,
Trichinopoly,
Utatur,

Utatur stage —Tho lowest, Utatur, stage rests upon an ancient
land-surfnce of the Archaean gneisses or on Upper Gondwanns, It
is mostly an argillaceous group about 1000 to 2000 feet in thick-
ness, At the base it contains as ite principal member a coral
limestone (an old coral reef) succeeded by fine silts, elays, and
gritty sandstones. The Utatur outerop s the westernmost, and
is continmous through the whole Cretacoous area along its western
border, At places its width is greatly reduced by the overlapping
of the next stage, the Trichinopoly. The Utatur fossils are all, or
mostly, littoral organisms, such as wood-boring molluses, frag-
ments of oycadaceous wood, and numerous ammonites. The pre-
ponderance of the latter at partioular horizons enables the series
to be minutely subdivided into sub-stages and zones. The genus
Sehloenbachio oceurs largely at the base, and gives its name to the
lowest subdivision of the Utaturs, followed by the Acanthocerns
pone, ote,

Trichinopoly stage—The next group is distinguished as the
Trichinopoly stage, and comes somewhat unconformably on the
last. This group is also 1000 feet in thickness, but in lateral extent
is confined to the outerop in the vicinity of Trichinopoly only.
Both the composition of this group as well ns the manner of its
stratification show it to be a littoral deposit from top to bottom.
The rocks are conspiouously fulse-bedded oourse grits and sands,
elays and shelly limestones, with shingle and gravel beds.  Granite
or gneiss pebibles are sbundantly dispersed throughout the de-
posits.  The proximity of the vonsts is further evidenced by the
lirge picces of eveand wood, sometimes antins trunks of trees, en-
closed in the cosrser eandstone and gritge.  The shell-limestone
has compaited into a beautiful, hard, fine-grained, traslucent
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stone which is muol prized s an ornamontsl stone, and wsed in
building work under the nume of Trichimppaly marble,  Fossils
nro many, though not so mumerous ns in the Utator divigion,
They indicate o slight change in the faoma.

Ariyalur stage. Niniyur stage—The "Trichinopoly is conform-
ably overlain by the Ariyelur stoge, named from the town of
Ariyalur in the Trichinopoly district; It eousists of about one
thousand feet of regularly bedded sands and argillaceous strata,
with, towards the top, ealeareous nod coneretionmry beds foll of
fossils. The Ariyalur stage ocenpies by far the Inrgest part of the
Cretaceous area, the breadth of its onterop exceeding fifteen miles,
The Ariynlur fauna exceods in richness that of the two preceding
stages, the gastropods alone being ropresented by no less than one
hundred and forty species. Besides these, reptilian and fsh
remains, cephalopods, lnmellibmnchs, echinoderms, worms, ete.
are present in large numbers of species.  The uppermost beds of
this stage are sharply marked off from those below and form a
distinct subdivision, known as the Niniyur stage, and disti
from the remainder on palapontological grounds, thoagh there is
no steatigraphic break visiblo. The ammonites have disappesred
from this division, and with them also many lnmellibranch geners,
while the proportion of gastropod species shows a marked increase.
Numerous beds of algal® and foraminiferal limestones are enclosed
among argillaceous and gritty sediments. The following genera
of fossil marine algae are common: Dissocladella, Indopolia, Acicul-
aria and several Lithothamnin. Milioline foraminifers are associ-
ated with these. The fossils of the Niniyur beds reveal a Danian
affinity ; according to Vredenbnrg. these beds are equivalent to the
Cardita beaumonti beds of Sind and Baluchistan. The decline of
the ammonites and the invreass inhtﬁn f‘?ﬂt:: mh:l:nunlﬂmaf Ef the
gastro are a very signifleant mdex o change mes:
the Mﬁﬁu era of gu carth's history has well-nigh ended, and
the third great era, the Cainozoie, is about to commenoe.

Eocene (Palasocene) of Pondicherry—Over the Ariyalur beds in
the Pondicherry area occur beds with a forsminiferal fauns com-
parable with that of the Ranikot stage of the Eocena fm‘fn?t:ilm
of Sind. Species of Nummulites, Discocycling and Cibicides
are found in a limestone bed and are identical with the forms
observed in the bazal Eocene of West Pakistan.®

b L. R Rao and Jolius Pis, Pal. Indica 5. vol. xxi. mem. 4, 1836,
P L R. Roo, Curr. 8o, 1030,
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Fauna of the south-east Cretaceons—'The following list shows the
distribution of the more common genern in the three stages:

Utatur Stage :
Brachiopods : Kingena, T'erebratula (many species), fhyn-
chomello (many specios).
Corals : Trochosmilia, Stylina, Caryophyllia, lsastren, Tham-
neasdron,
1 Fusus, Patella, Turritells,
+ Behloenbachia, Acanthoceras, Homites, Mannifes,
Turrilites, Nautifis neocomiensis,
Lamellibranchs ; Ezogyra, Gryphaca, Inoceramus, Tellina,
Opiz, Nuculana, Nucula, Area, Aucnlla, Radula, Peolen,
Spondylus, Lima, Pinna, Trigonoarce.

Trichinopoly Stage :

Ammonites : Placenticeras, Pachydiscus, Heleroceras, Holeo-
disens, Scaphiles,

Lamellibranchs : Pholadomya, Modiols, Ostrea, Corlula,
Mactra, Cyprina, Cytherea, Trigonia, T'rigonoarca, Pinna,
Crrdism, Peclen.

Reptiles : [ehthyosurns, Megnlosaurus (Dinosaur),

Ariyalur Stage:

Ammonites : Pachydiscus, Baculites, Sphenodiscus, Desmo-
ceris, Purosia, Anisoceras.

Lamellibranchs ; Cyiheren, Cardivm, Cardita, Lucina, Yoldia,
Nuoula, Azinea, Modiols, Radula, Gryphaea, Radioliles,
Trigonoarca, Fxogyra, Plicatula, Anomia.

Gastropods ; Voluta, Cyprace, Aporrhais, Alaria, Pseudoliva,
Cancellaria, Cerithivm, Twrritella, Solarium, Patella,
Nerita, Nevinea, Phasianells, Rostellaria,

Reptiles : Iehthyosaurus, 1 Titanosaurus, Megalosaurus and
other theropod and sauropod dinosaurs.!

Corals : Stylina, Caryophyllia, Thamnastréa, Cyclolites.

Echinoida: Epiaster, Cardiastar, Holaster, Calopygus, Holecly-
pus, Salewin, Peeswdodiadema, Cyrioma,

Crinoids : Marsupites, Pentacrinus,

Polyzoa: Discoporn, Membranvpora, Lunulites, Cellepora,
Entalophora,

bV Bee, AT, vol. Uxi. pha 4, 1020,
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Niniyur Stage : Nautilus danicus, large specimens of Nerinea and
Nautilus with Orbitoloides, Cyelolites, Numinulifps. Many
gastropods and foraminifers, and algae and other plant

remains.

The ubove list gives but an imperfect idea of the richness of the
fauna and of its specific relations.  All the groupa of the Inverte-
brata are ropresented by a large number of genera, each genus
containing sometimes ten or even more species.  The mollusea
are the most lnrgely represented group, and of these the cephalo-
pods form the most dominant part of the faunn. There are one
hundred and fifty species of cephalopods, including three species
of Belemnites, twenty-two of Naufilus, ninety-three of the com-
mon species of Ammonites, and throe species of Scaphifes, two of
Hamites, three of Baculites; eight of Turrilites, eleven of Aniso-
eeras, and three of Prychoceras. The gastropods and lamelli-
branchs number about two hundred and forty species cach. The
next group is corals, represented by about sixty species, echinoids
by forty-two species, polyzon twenty-five and brachiopods twenty.

Of Vertebrata thore ocetr seventeen specios of fishes, and two
or three of reptiles, one of Megaloseurus and one of Ichthyosaurus
and | Titanosaurua, relatives of the giant reptiles of the European
and American Cretaceous. No fossil mammals belonging to the
Crotaceous age have yot been discovered in any part of India.

Marine Cretaceous of the Narbada Valley : Bagh Beds

The Narbada valley Cretaceous—A number of small detached
outerops oceur along the Narbada valley, extending along an
east-west line from the town of Bagh in the Gwalior State to
beyund Baroda, stretching as far west as Wadhwan in Kathinwar.
They cover an extensive area of the Panch Mahals district, of
N. Gujarat, generally underlying the Decoan Traps. The rocks are
characterised by a heterogeneous composition including cherts,
impure shelly limestones, quartzitic sandstones and shales. In
most cases they ocour around inliers of older rocks in the Decean
Trap, by the denudation of which these beds are laid bare. They
are the much worn relics of another of the incursions of the sea
(this time it is the sea to the north—the Tethys) during the Ceno-
mnninutmmgrmiﬁnmai.thpmrum,nfﬂmumunguuthn
Utatur beds described above. The fossiliferous portion of the
Bagh (retaccous comprises anly a very amall thickness, 60-70
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feet, of limestone and marls, which may be clussified into three .
geotions:

Dieccon Trapa.
Coralfine  (imesomee: red  polyzoan T
Fal Sem:niin
La]

!‘“m Denla wiirie: 10 foot of fossiliforons marls, ¢ i
Nodulor timesome {nrgillicesns  lnssbonn)
underlain by unfossiliforcus  sandetons
ol conglumerates  [Nimar sandatona),

(nelssss, Mididls Gondwans rooks, sto.

The lower beds are nodular argillaceons limestones, of a wida
extension horizontally, met with in the majority of the ontorops
between Bagh and Baroda, followed by richly fossiliferons marls—
the Deola and Chirakhan marls—and by » coralline limestone
formed of the remains of polyzos, The last two zones do not ex-
tend much westwards. The fossils are numerous, the chiel genem
being : (Ammonites) Placenticeras, Namadoceras ;  (Lamelli-
beanchs) Ostrea, Inoceramus, Pecten, Pinna, Crassnella, Grotrana,
Protocardium, Cardium: (Echinoids) Salenia, Cidaris, Echino-
brissus, Hemiaster, Opisaster, Cyphosoma: (Polyzoa) Escharina,
Bechara; (Coral) Thamnastren; (Gastropods) T'riton; Turritella,
Natica, Corithium.

The unfossiliferons sandstones underlying the Bagh beds, the
Nimar beds, have thickened considerably to the west; these sand-
stone gtrata of the western inliers, partioularly near Baroda, have
furnished to this region large quantities of an excellent building
stane of very handsome appearance and great durability.! The
stone (known loeally as Songir sandsione®) has been Inrgely
quarried in former years, and besides supplying building stones
it affords good millstones,

Conclusions from the Bagh fauna—The Bagh fauna covers but
a small part of geological time—some of the ehalk (Cenomanian
to Senonian), The main interest of the fuuna is the contrast
which it offers to the fauna of the Trichinopoly Cretaceous, from

gl s og e iAok e

white ve cmum-solonred grooral mmsss of the rock.
* The Scngir sandatone of Gujaras i probabily the seme us the Ahmeduegss

sanilstone of the Idur Stale.
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which it differs as widely us it is possiblé for two formations of the
garie age o differ.  The Bagh fsona, as o whols, bears moch
closer nffinities to the Arubian and European Cretaceous than to
the former. This is a very significant fact, and denntes isolation of
the two seas in which they were deposited by an intervening land-
barrier of great width, which prevented the inter-sea migrations
of the animals inhabiting the two seas. The one wad a distant
colany of the far Buropean ses, connected through the Tothys,
the other was & branch of the main Southern Oeean,  The two
areas, though so adjscent to each other, were in fact two distinet
marine goological provinees, each having its own population.!
Thes barrier was no other than the Gondwans continent, which
interposed its entire width between the two seas, viz. that which
ocoupied the Narbads valley and that which covered the south-
east coast,

While the difference between these two Cretaceous provinoes is
of such » pronounced nature, it is interesting to note that there
exists & very close agreement, hoth lithological as well as faunal,
between the Trichinopoly Cretaceous and the Assam Cretaceous
described in the last chapter, This agreement extends much
further, and both these outerops show close relations to the
Cretaceous of Central and South Africn. These facts point to the
inference that it was the same sea which covered parts of Alrica,
the Coromandel coast and Assam, in which the conditions of life
were similar and in which the free intercourse snd migrations of
gpocies were unimpeded. These series of beds must therefore
show very wide fammal discrepanoies from the deposits that were
laid down in an wrm of the great northern sea, Tethys, which was
continuous from West Europe to China, and was peopled by species
belonging to n different marine zoological provinoe.

Lameta Series : Infra-Trappean Beds

Age of the Lameta series, Metasomatic limestones—ZLameln
series is the name given to a fairly widely distributed series of
estuarine or fluviatile deposits of the game or o slightly newasr
strutigraphio position than that of the Bagh beds of the Narbada.
Outerops of the series are found scattered in Madhys Bhurat,
Madhyn Pradesh, snd also in many parts of the Deccan, diroetly
‘underlying the Decean Traps. They generally appear as thin

1 wdh_wr-?'gfmiﬁ_-dhlﬂnumﬂhhﬂ!hﬂ:ﬁl! I:Mrm
She Togh faren fross s Oovommaniil Tasom”
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nurrow diseontinuous bands round the borders of the trap country,
purtioularly the north-cnst and east borders.  The name is dorived
from the Lamota ghat near Jabalpur, where they were first noticed.
The Lameta group is not of any great vertical extent in compari-
son to ita wide horizontality. The constituent rocks of the series
are cherty or silicoous limestones, earthy sandstones, grits and
elays, uttaining in all from 20 to 100 feet in total thickness. Tha
limestones form the most charncteristio part of the series, and in
some places they contain a fow badly preserved fossils.' The sand-
stones and clay beds of the Lameta series have yiclded a few land
or fresh-water shells and the remains of numerous reptiles; among
the former are spocies of Bulinus, Molania, Corbionla, Paludina,
ete, which are readily recognised as fresh-water, or at the most
estuarine, species. The vertebrate fossils include Dinosaurian
reptiles, turtles (Chelonia) and some fish remains. The latter are
valuable as having yielded conclusive evidenoe with regard to the
stratigraphy of the Lameta series.  The fishes were obtained from
Dangargaon in Madhya Pradesh. They include some species of
Eoserranvs, Lepidosteus, and Pyencdus.  The first of these helongs
to the order Teleostes of bony fishes; the Intter two belong to the
Jess highly organised order of Ganoides. Sir Arthur Smith Wood-
ward has, from the evidence of these fish remaing, determined the
age of the Lameta series Lo be between Danian and Lower Kocene.
Von Huene, on the evidenos of fossil Dinosaurs, places the Jabals
pur Lametas in the Turoninn (base of the Upper Crotaceous).
The recent discovery of remains of Cretaceons dinosaurs from
Jabalpur and Pisdura ((Chanda district) s greatly increased onr
knowledge of the fossil Dincsauria of India. Twelve new genera
have been added to the known Indinn fossil dinosaurs; these in-
clude the first records of the Stegasauria and the Coelurosauria.
The dinpsaurs reached their highest development in India during
the Lameta epoch. The twelve genera have been identified from
the vertebrae, skulls and limb-bones, armour-plates, testh and
coprolites. The following are the prineipal geners: Tifanosaursd,
thrie species; Anfurclosourus, two species; Indosichus, two
specivs; Lametosourus; Laplatosaurus; Jubbulporin. Prof. von
Huene states that Madhys Pradesh fossil dinosaurs are closely
allied to those occurring in the Cretaceous of Madagaseur and
also with those found in Pustogonis and Brazil. This would
suggest land-bridges in the existing Indian snd Atlantic oceans,
1 Dr. O, A Matloy, Ree. G.8.2. vol. liit. pt. 2, 1931
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ar the persistonce of large remniits of the old Gondwana contin-
ent, (Soee p. 178)

The Lameta serios overywhero roste with o great unconformity
aver the elder rocks, whether they are Archuean gneisses or gome
member of the Gondwann or the Bagh beds, As u rule it is
conformably overlain by the earliest lavia-flows of the Decoan
Traps peries of voleanie eruptions, which began at this Hme and
the geology of which now claims our sttention, At u fow places,
however, the lowest Tmps exhibit discordant relations to the
Lametas, dencting that a copsiderable Interval of time elapeed
before the voleanie eyele began. It ls quite probable, however,
that the discordant relations may be only apparent and may be
due to the fact that in these partioular eases the supposed Lameta
limestone is only a metasomatie lmestone! which Fermor and
athers have found so commonly between the Traps and the Arch-
seans and which has in the past been 20 often mistaken for Lameta
limestone. This we must now disouss,

Investigations by Fermor have revealed that many of the sup-
posed Lameta limestones are metasomatio in origin, and have
resulted from  the caleifieation of the underlying Archasan
gmeisses and schista through the process of molecular transforma-
tion, effeeted by the agency of percolating waters. The meta-
somatio changes are seen in all stages of progress, from unaltered
gnelsses through partly caleified rock to siliccous limestone
resembling the Lameta beds. The ealeification and silivification
have sffected all kinds of underlying rocks, gneisses, granites, and
hornblende and other sehista.

Western India

The Himmatnagar sandstone, & massive and horizontally bedded
group of red and brown sandstones with shales in Idar State, has
recently vielded s small but interesting fors including Weichselia
and Matonidium, two extinet genern of forns which are of eon-
siderable stratigraphical value. The former genus is represented
by W. reficulata, & very characteristioc Wealden species. The
Matonidium (M. indicum) is closely allied to the well-known
Eurapean species M. goepperti. This genus reached its maximum:
development in the Lower Crotaceous, though it also oceurs in
the Jurassie.* The Himmatnagar (Ahmednagar) sandstone is

1 fee Chapter T1L, p. 2.
b Gooes AL vol. sk Pa- 2, 1938 ..
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newer than the Dhrangadhrs sandstone: (p. 201) and of the same
age as the Songir sandstone of Baroda and the Barmer { Balmir)
sandstone of Western Rajputana, wll of which are extensively
used ae building stones,
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CHAPTER XVI
DECUAN TRAP

The great voloanic formation of India—Towunrds the close of the
Uretaceous, subsequent to the deposition of the Bagh snd the
Lamota beds, a large part of the Peninsula was affocted by a
stupendous outburst of voleanie energy, resulting in the eruption
of u thick series of lava and associated pyroclastic materials.
This series of eruptions proceeded from fissures and oracks in the
surface of the eartl from which highly liquid lavas welled out
intermittently, till a thickness of some thonsands of feet of hori-
zontally bedded shecta of basalts had resulted, obliterating all the
previously existing topography of the country and converting it
into un immense voleanic plateau, That the eruptions took place
from fissures such ns those which arvise when the surfuce of the
earth is in a state of tension, and not from the more localised vents
of voloanic araters, is evident from u number of circumstances, of
which the entire absence of any traces, even the most vestigial, of
voleannes of the usual cone-and-crater type, and the almost per-
fect horizontality of the lava-sheets in the immenso basaltio
region, are the most significant.

This great volcanic formation i known in Indisn geology under
the name of the Deccan Traps. The term ' trap ™ is a vague,
general term, which denotes many ignoous rocks of widely differ-
ent nature, but here it is nsed not in this sense but in its Swedish
mesning of “ staiss "' or ** stepa ', in allusion to the vsual step-
like sspect of the weathered flat-topped hills of basalts which are
50 common & feature in the scenory of the Deccan.

Area—The Devean Traps encompass to-day an area of 200,000
‘square miles, covering  large part of Catch, Kathiawar, Gujurat,
Decean, Madhya Bharat, Madhys Pradesh, Hyderabad, ete,, but
their present distribution is no measure of their past extension,
both areally mdtmﬁuﬂy,:dnmtlhnudnﬁmhuhmnwwkﬁnr
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ges, outting through the basalts and detaching & number of
otttliers, separated from the main area by wide distunces, These
ontliors, which nre seattered over the whole ground from W. Sind
to Rajalimundry on the east coast, therefore, must testify to the
original extent of the formation, which at the time of its com-
plotion could not have been much less than half a million square
miles,

Thickness—The maximum thickness attained by the Decean
Traps is & matter of conjecture, but it is possible that it might
lhave been ns much as 10,000 feet along the coust of Bombay. The
thickness, however, rapidly becomes less farther east, and varies
much at different places. Towards its southern limit it is between

i, 32— View of Devoats Trap coutitry (Oldham).

2000 and 2500 feet; nt Amarkantak, the eastern limit, the thick-
ness is 500 feet, while in S8ind, i.¢. the northern limit, it dwindles
down to a band of only 100 or 200 feet. In Cutch the Traps are
nhout 2500 feet in thickness, Theindividual lava-flows aro about
15 foet on an average, hut occasionally some flows are seen reaching
50 to 100 feet in thickness. In a boring near Bhusawal 1200 feet
deep, 20 distinet flows were encountered.  The successive sheots
of lava are often separated by thinner partings of ashes, scoriae
and green earth, and in very many cases by true sedimentary
beds, which ure henee called inter-trappean beds.  The ash nand
tufl bede are pretty uniformly distributed thronghout, but they

are scarcer towards the lower part.
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The presence of voleanio axhes and tuffs suggests explosive
pction of somwe intensity. This might have bein the case at
certain local vents along the main fissures, where a few subsidiary
cones may have been raised.  The eruption of the main mass of
the lava was, however, of a quiet, non-explosive kind, as is the
pase with fissure-eruptions,

Horizontality of the lavas—A very remarkable character of the
lavas of the Decean Trup, having an important bearing on the
question of their mode of origin, is their persistent horizontality
throughout theit wide area. It is only in the neighbourhood of
Bombay that & marked departure from horizontality appears and
w gentle dip is perceptible, of about 57, towards the sea. (Other
localities, where a slight but appreciable inclination and even
gentle folding of the lava-sheets are noticeable, are the Western
Sutpuras, Kandesh and the Rajpipls hills, near Broach, but these
dips are believed to be due to the effects of late disturbances of
lavel due to tectonic eauses rather than to an original inclination
of the flows.!

Petrology—In petrologienl composition the Decoan hasalts are
aingularly uniform. The most common rock is & normal sugite-
bagalt, of mean specific gravity 29, This rock persists, quite
undifferentinted in composition, from one extremity of the trap
aren to the other. The only varistion is in the colour and texture
of the rock; the most prevalent colour is a greyish-green tint, but
a perfoctly black colour or lighter shades are not uneommon, A
fow, especinlly those of trachytic af mors acid composition, are
even of n rich brown or buff eolour; less common sre red and
purple fints. The texture varies from a homogeneons, oryito-
orystalline, almost vitreous busalt, through all gradations of
conrseness, to a conrsely erystalline dolerito. The rock is often
vesicular and scoriaceous, the amygdaloidal cavities heing filled
up by numerous secondary minernls like caleite, quartz, and
zoolites.  Porphyritic elose-grained varioties with phenoorysts of
glassy folspar (n medium labradorite) have mn almost semi-
vitreous lustre, s dark lustrous colour, anid conchoidal fracture.
Owing to the high hagicity, and consequent fuidity of the lavas,
orystallisation was n comparatively rapid process, for which
reason basalt-glass or tachylite is quite rare, exoept in some
“ philled edges ', where & vitreous glaze uppears.

Over enormous extents of the trap area there is no evidenoe nt

3 Rec. G55, vol- xivii, pt. 2, 1818,
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all of any magmatic dilferentintion or vacistion indiented by the
presence of acidie or intermedinte varieties of lavas. Some very
natable exceptions, liowever, have been observed in Cutch, Gujs-
rat (eg. the Pawagarh hills near Baroda) and the Gimar hills
of Kathiuwsr, where rocks of more scid or basic composition
(ehyolite, granophyre, monzonite, andesite, monchiguite, limbur-
gite and gabbro) are found associnted with the basalts. Their
ocourrence in close association with the ordinary basalts suggests
that they were local differentintion products of the same magma.
The most common of these acid lavas are rhyolites, approaching
dacites nnd guartz-andesites, pitchstones and pumice found st
Pawngarh.) The gabbroid complex of the Girnar hills is more
noteworthy. Here are masses of gabbros and allied basic intru-
gives oooupying o large tract of hilly country rising abruptly from
the level trap-built plains of Kathiawar. The relations of the
plutonic masses with one snother and with the surrounding
country-rocks, which are Deccan Trap flows of usual composition,
suggest some post-trappean intrusion, or series of intrusions;
procseding from the same magma reservoir as that of the basalts.
Subsequent differentiation of the intruded magma by prolonged
segrogutive processes appears to have given rise to several inter-
esting types mnging in basicity from gabbro, lamprophyre, lim-
burgite, diorite, and syenite to granophyre, which are so well ex-
posed in the varions temple-orowned hill-masses in the vicinity of
Junagadh town. In Kathiswar, B. B. Foote found a large num-
ber of acid and basie trap-dykes intruded into the main teap-flows.
Clusters of dykes and sills are found in Cuteh, in the Sstpura ares,
in Rewah and parts of Bombay, The basic varieties are of dioritic
or doleritic composition, while acidie dykes are compased of
trachytes or rocks of allied composition and character. Other
types from the Kathiawar peninsuls are monchiguite, nepheline-
syenite, rhyolite, mumzomite, oceamite, ankaramite. Acid differen-
tintes of the Deccan Traps, trachytes, granophyres and rhyoliles, ara
found on the Bombay cosst associated with normal basalts,
dolerites und glassy gabbros. Similar acid rocks also ocour in
the Narbads valley and at Porbandar.

Of these rocks, the ultrabasic types oceur in dykes and small
stocks along the west edge of the trap outerop from Cutch to
Bombay in all three phases, voleanie, hypabyssal and plutonie.
The ncidic types show a more extensive distribution, but individual

¥ Formor, fee. G.5.1. vol. xxxiv, pt. 3, 10086,
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ovenrrences are small and their total volume is insignificant in
proportion to the vast bulk of the plateau basalts,

As we have observed in Chapter X1V, there is o much greater
diversity of petrological composition smemg the eruptive and in-
trusive products of the extra-Peninsula, which are in sll prababi-
lity the representatives of the Decoan Trap of the Peninsula.

Microscopic character of the Deccan basalts—In microscopical
charncters, the basalts wre hemi-crystalline aogite-basalts, gener-
ally free from olivine. The mineral olivine is locally abundant in
some places. The bulk of the rock is composed of & fine-grained
mixture or ground-mass of plagioclase and augite. Besides abun-
dant plagioclase (labradorite or anorthite) prisms, which are often
corroded nt the sdges, there ocour sometimes large tabular crystala
of clear glassy Iabradorite of medium composition as phonocrysts
in the ground-mass. But porphyritic structure is nob common.
The angite, often enstatitic, the next important constituent, is
present in small grains, very rarely with any erystalline outline.
Magnetite is abundantly disseminnted through the ground-mass
either as idiomorphic erystals or grains, or as socondary dendritic

tes. In the nrrdiuutygmynrgmmhmllsthmiswr_r
little glaes, or isotropic residue, loft, it being all devitrified; but in
the black dense specimens there is a large quantity of glass present,
of & green or brown colour. In some cases the peouliar amor-
phous isotropic product pelagonite’ is seen infilling cavities and
interstices of the rock.

The relation of the plagioclase to sugite crystals, when apparent,
is of a modified ophitic type, the Iatter having & tondency par:
tially to enclose the former. Primary accessory minerals like
apatite are fow, but seoondary minerals, produced by the wide-
spread meteoric and chemical changes that the basalt has under-
gone, are many, viz, caleite, quartz, chalcedony, glaucanite, prehm-
ite. zoolites, ete,, filling up the steam-cavities us well as the inter-
stices of the rock. A host of other secondary minerals have been
deseribed from the basalts of different looalities—ehlorophaeite,
delsssite, coladonite, serpentine, chlorites, iddingsite and lussatite.
By the discoloration attending these changes the original binck
colour of the basalts is altered to & grey or greenish tint (glaueconi-

¢ Paligonite s the nmme m“'mﬁm%"mﬁ“ “%ﬂr:';'

thot-produet met with in .
o ‘I wedl s from residunl g, Musli it is nnalogmee

ma jnn consbituents as
i mm. I Tiu sxuct origin is not known witly mertainty,  Beo Ree, (.81

Yol hiil. pit. 3, 1025,
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tigation), Glauconite is n very widely distributed produet in the
basalts of the Deecan Trap, both in the body of the rock as well
an conting the amygdaloidsl secretions, The basalt-tuffs are
composed of the usnal comminuted lava-particles, with fragments
of pumice, erystals of hornblende, augite, felspar, ete.  They are
usually finely bedded, and have a shaly sspeot.

Petrography of the Traps—The detailed petrography of the
Deccan Trap is based on the work of L. L. Fermor on the cores of
a boring at Bhusawal which penetrated 20 horizontally bedded
flows of an aggregate thickness of 1,171 feet, the thicknesses of
individual flows varying from 3 ft. to 97 ft. His descriptions of
the rocks encountered in this thick succession wre regarded as
typical of the greater portion of the flows of the Decean trap, the
predominant type being & basalt of specifio gravity 2-01, consisting
essentially of Iabradorite (Ab,An,), enstatite-sugite, glass and
iron-ore, olivine ovourring in most of the Bhusawal flows, but not
universally. A host of secondary minerals are found as alteration-
products of the giassy base, or of some primary minerals of the
rock, ¢.g., palagonite, chlorophaeite, ccladonite, chabazite, idding-
site, delessite, or as late secretions filling the amygdaloidal eavities
of the lava—zeolites, chaleedony, opal, delessite, caleite, quartz
and lussatite. Fermor hns shown that some ultra-basie modificn-
tions of the basalt may have originated by gravity differentiation,
i.e., by the sinking of olivine and basio felspar phenoorysts to the
base of thick lava-flows which remained fluid enough after erup-
tion for a longer period than other flows.  This, however, is not
generally the case, though they may linve onginated thusin apeocial
cases,

[Cregsoar, Composrrion: Elsven spocimens of Decoan traps, ool
lected from widely scattered localities, have been chemically analysed
in detail by H. 8. Washingtom, The most striking feature of thess
analyses is the uniformity of composition of the majority of the basalts,
with wariation In silles from 48:6 to 52 per cent,

The following table gives the average of the eleven analyses by
Witshington

Bi0p - - - . < 504
AW, - - - . .. 1388
Fo,0p - - = = - 319
FoD - o+ a .82
Mg - . G40

il = e o« = = ek
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NagO - o - 1= -2 2000
KO - = = = - 07
HO% @« -+ =+ = - 1470
H.,ﬂ —a - - - - (-4
TR, = = = . 4 10
By a5 O AL 30
Crg0y - - = < - nore
M = < < = = 010

100:12  Sp. Gr., 2016,

This chernical coustitution of the tenps, expressed in terms of stand.
ard normative minerals ealimlsted from the composition, gives the
fallowing result as the noro of the Decean Traps:!

Quarte: - - - - &M
Orthoclass - - . - 4+45
Albite -~ - - = v gy
Anorthite - - - - 2307
Diopside - . . - 174l
Hyperathone N s
Olivine 5 = A = =

Mugnetite - - . . 4B4
Imenite - = = = a-60

Apatite - - - - 101}

The basalts exhibit o tendoncy to sphercidal westhering by the
exfolistion of roughly concentrie shells, henee rounded westhired
masses wre everywhere to be seon in the expossd outcerops, whether
in the field or in stream-courses or on the sea-voosts. Prismuntie
jointing, or colomnar structure, is ulso observed in the stap-like
series of perpendicular escarpments which the sheets of basalt so
often present an the hill-sides oralopes. At some places beautiful
symmetrical prismatic columns are to be seen: this Is especially
observed in some dykes, e.g. those of Cutch. It is the tendenoy
Ao this kind of jointing, giving rise to the landing-stair-like or
"ghntr" like aspeet of the basalt hills of the Deccan, that has
given the name of the Deccan Trap to the formation,

Among the abundant secondary minerals, due to hydrothermal
netivity during cooling of the lava-shests, that are found as kermnels
in the amygduloidal eavities, the most common are the zeolites,
stilhite, apophyllite, heulandite, scolecite, ptilolite, lnumontite;
alss thomsonite anid chinbazite ; caleite, eryntalline quartz, or rock-
erystal and its cryptoerystalline varieties, chaleedony, agates,

' W, 5. Wiahington, Bulletin, (leological Servety af Amerion, vol, xxaii, 1922,
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carnelian, heliotrope, bloodstone, jasper, ete. Glauconite is
abundant as & coating round the kernels. A quantity of bitumen
and asphalt, filling large cavities in the lnvas near Bombay, was
found in 1019, This may have originated by distillation of organio
matter contained in the associated sedimentury heds by the heat
of the lavas.

Stratigraphy of the Deccan Trap—The following table shows the
stratigraphic relations of the Deccan Traps among themselves,
and also with the overlying and underlying rocks:

Nummulitics of Burat and Broach ; Eocene of Cuteh | laterite,
Unconformity.

Upper Traps Of Bombay and Kathiawar., Lava flows with
1500 ft, numerons gaf beds ; mdinmnt-urr'mtur-trlpm
bods of Bombay with large number of foss
vertelirata and molluscan sholla.
Middle Traps Of Malwa and Madhyn Bharat, Lavas and ash-
4000 fr. beds farming the thickest part of the serivs. No
fossiliferous inter-trappean beds.
Lower Traps Of Madhya Pradesh, Narbadn, Berar, ote. Lavas
500 £t with few ash-beds. Fossiliferous inter-trappeans
TUTETEE,

B]Esiﬂ. 11I‘.|l.ﬂllﬁl'l'!'l1il-j'. e e e e e

Lamets or Tnfra-trappean series ; Bagh bods ; Jabalpur beds snd

older rocks.

Inter-trappean beds—At short intervals the lava-flows are
separatod by sedimentary beds of small vertical as well as hari-
zontal extent, of lncustrine or fluviatile deposition, formed on the
irregularities of the surface during the eruptive intervals. Thess
sedimentary beds, known ae Inter-trappean beds, are fossiliferous,
and are valuable as furnishing the histary of the periods of eruptive
quigscence that intervened between the successive outbursts, nnd
of the pnimuls and plants that again and again migrated to the
quist centres, Usnally they are only 3 to 10 feet in thickness, and
are not more than three to four miles in lateral extent, hut they
aro fairly regularly distributed throughout the lower and upper
fraps, being rarely absent for any distance in them. The rocks
comprising these beds sre a black, chorty rock resembling lydite,
stratified voleanic detritus, impure limestones and clays, Many
plant-remains and freshewnter molluscan shells are entombed in
these, together with insects, crustacea, and the relies of Halyes,
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frogs, toroises, ele.  The mwost somumon shell; which i also the
most choracteristic fosil of the infer-trappean beds, wherever
they have been discovered, is Physa (Bulinus) prinsepii—a
species of fresh-water gastropod ; other fossils are Lymnaca, Undo,
Paludina, Valeata, Melania, Natica, Viearya, Cerithivm, Twrri-
tella, Pupa; the crustncean Cppris, some insects, and bones, scales,
soutes and teeth of vertebrate animals, eq. fish, frogs (Rana and
Oxyglossus) wnd tortoises (Hydraspis, Teatudo, eto,). The Horn is
very rich in palms, of which numerous stema have been found na
well ns leaves and fruite; several species of dicotyledonous trees
are also present.  In places a rich aquatie flora including the frosh-
water algs Chara, the water-fern dzolla and other aguatie plants
has been found besutifully preserved in s cherty rook which is
probably the silicified mud of lakes.

Inter-trappean beds are exposed in good seations at Bombay
(Malabar hill and Worli), where sbout 100 feet of weil-bedded shales
are seen between two lava-flows, containing numerous earbonised
plants, many frogs, s tortoise and Cypris shells,

A prolifio ares for fossiliferous inter-trappeans is Chhindwara
in Madhys Pradesh, where beantifully silicified leaves, flowers,
fruits, seeds and wood of muny species of plants are preserved in
abundanoce.

A type-section through & portion of the basalts will show the
relations of the traps to these sedimontary intercalations ns well
as to the infra-trappean Lametas.

1. Bedded basalts, thick. Individond flows often marked on wpper
and lower surfaces hy stoam-holes. _

2. Cherty beds, lydites, with Unio, Paluding, Cypris, fossil wood,
5 foot.

3. Bedded basslts, very thick, ;
4. Impure limestone, stratified tuffs, eto., with Cypris, Physa

( Bulinus), and broken shells, 7 foet,
5. Bedded basalts, thick. _
8. Silicoous limestones with sandstone {Lametas), with o fow shell
fragments, 20 feet.

The mode of eruption of the Deccan Trap—The lowermost trap-
pean beds rest upon an uneven foor of older rocks, showing that
the eruptions were subserial and not subsqueous. In the latter
vase, i.e. if the eruptions had taken place on the floor of the sea
or lakes, the junction-plane between the two would have been quite
even, from the depositing action of water. As already alluded to,
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the actual mode of the eruptions was disohnege through linear
fissures, from which s highly liguid magma welled out and spread
tself out in wide horizontal sheets. This view is abundantly
bomne out by the menotonous horizontality of the traps every-
where, and the absence of any cone or crater of the usual typo as
the fooi of the eruptions, whether within the trap region or on its
periphery. The most gigantio outpourings of lavaa in the past;
in other parts of the world, the * Plateau Basalts "', have all tiken
place through fissures, wiz. the great basaltio: platenu of Tdaho in
the U.S.A., the Abyssiniun platean and the sheet-basalts of An-
trim, eto, A rovent analogy, though on & very much emaller
scale, is furnished by the Icelandic type of ernptions, i.e. eruptions
from n chain of craters situated along fissure-lines. (Cf. the Laki
ernption of 1783.)

Fissure-dykes in the traps—For any proof of the existence of
the original fissures which served s the channels of these eruptions
wo shoutd look to the peripheral tracts of the Deccan Traps, as it
in not easy to detect dykes and intrusions, however large, in the
main mass of the lavas unless the former differ in petrologieal
characters from the latter, which is rarely the case actually.
Looked at in this way, some evidence is forthcoming as to the
otiginal direction and distribution of the fissures, Dykes of large
sizo, massive irrogular intrasions, and ash-beds are observed at a
number of places in the ne urhood of the trap area around its
boundary.! ‘The most notable of thest is the Rajpipls hill tract
nesr Brogoh. In Cutoh likewise there are numerous large dykes
and complex ramifications of intrusive musses visible, along the

of the trap country, among the Jurassio rocks. The trap
area of Kathinwar is traversed by a large number of dykes in-
truded into the main mass of the lavas. They wre of all sizes,
from thin veins to masses hundreds of yards wide and some miles
in length, and follow different directions. The dykes of Kathis-
war are composed either of an acid, trachytio rock or of i course-
grained dark doleritio or dioritio mass. Similar fissure-dykes
oceur in the Narbada valley and Satpurs area among the Gond-
wana rocks; they are likewise seen in the Konkan, while ash-beds
are of very frequent occurrence near Poona; ull these are evidences
of the vieinity of an eruptive focus. Tt is clear that the foregoing

b Thesn dykos, ihtrusions el aal-beds il naturally abooml in the Aty
of an eruptive site, and ihus help to indicatn thin locating of the (lagre and its
prrobiabile dirvegion in the interior. ;
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instanves of dykes, ete, are only the starting-points of the linear
fissures whink extended a great way into the interior.

It is possible that all these dykes may not have been feeders to
the lava eruption. Some evidencs has been provided lately to
suggest that a number of dykes, especially those ohserved within
the body of the trap-flows, were of later age than the lava-flows,
belonging to a subsequent hypogene phase!

Age of the Decean Traps—There iz no condlugive internal evi-
dence in the Decean Traps with rogard to their age. 'The inter-
trappean fossils do not throw any certain light on the nge of the
beds in which they are entombed. To establish an accurite
earrelation of the grent voleanio sories in terms of the standard
stratigraphio sequence, we must look to external evidence fur-
nished by the underlying and ovetlying moring and estunrine
hods. The eruptions were certainly subsequent to the Bagh boids
(Cenomanian) which they overlio at some places, and to the Lumeta
series which they overlie at othems. Ancother indication of the
age is provided by the interstrutifioation of n fow flows of the
traps with the Cardita beaumonti beds of Sind, whose horizon is
fixed as Danian or somewhat newer. At one ar two places on
the west const the traps are seemingly unconformably overlain by
small outliers of Nummulitic beds, as st Surat and Broach. Here
the apparently unconformable junetion, denoting an appreciable
lapse of time between the last eruptions and the submergence of
the aros, is quite marked. At Rajahmundry, on the Godavari
delta, s distant outlier of the traps oconms resting on the top of
small thickness of marine Cretaceons sandstone of Ariyalur age.
In the midst of the trap series in the last-named locality are found
sedimentary heds of estuarine nnd marine deposition containing
fossils such as Physa (Bulinus) prinsepii, Turritells, Nautilus,
Cerithium, Morgania, Potamides, Corbula, Hemitoma, T'ympano-
tomus. These fossils, however, do not lead to any definite infer-
ence, as the affinities of the species and genera are not very pn-
nouniced. Recent examination by Prof. Sahni of the rich f?ﬂl
florn from the base of the trappean series of the Nagpur-Chhind-
wara area, containing an abundance of fossil palms, the pecurrence
nmong them of Nipadites, a charncteristio Hocens gentis, nnd the
presence of numerons fertile specimens of Asolla (n modetn genus
of floating water-ferns of which all the previons fossil records are
post-Cretaceous), lead him to infer an early Tertiary ago for the

£ J. B. Audin, Trons, Nat. fnst, Se, T, wol. dil, 3, 10,
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traps. According to Sahni, the inter-trappean florn finds its
olearest affinities with the Lomion clay flora. Thia eonolusion
geems to find support from recent finds by L. R. Rao and others
of foraminifers of the families Rotaliidae, Lagenidae, amd Milio-
lidae, of charophytic remains from marl beds, and of Aeienlaria
and other algae from an inter-trappean limestono oocwrring in the
gmall teap outerop near Rajahmundry.

If Bir A. Woodward’s inforence of the age of the fish fossils from
the Lameta series (which is distinetly infra-trappean in position)
is nccepted {p. 288), the base of the trap would be positively
Eoeenc. An Eocene age is also supported by the study of some
fossil fish-soales from the inter-trappean beds of Betul distriot,
Madhys Pradesh. Dr. 8, L. Hora recognises in these scales
representatives of an osteoglossid genus Musperia and several
species of the genus Clupea, with some percoid fishes the fossil
members of which family earry it only as far back as the Eocene.!

The present position may be thus summarised: from external
evidence it is quite apparent that the Deccan Traps cannot be
older than the Danian stage of the uppermost Cretacoous, while
from the internal evidenoce of fossil fishes, palns and foraminifers,
ste, they eannot be much younger than the Eocene.

Except for the Tertiaries st Surat and Broach noted above,
together with the alluvial deposits of river-valleys, by far the
largest ares of the traps is not covered by any later formation.
The peculiar subserial alteration-product known as laterite sur-
mounts the highest flow of the traps everywhere as a cap, having
been produced by a slow meteoric alteration of the basalts.

Economics—The basalts are largely employed as road-metal, in
publio works, and sléo to s certain extent as & building stone in
private dwellings. From their prevailing dark colour and their
generally sombre aspect, however, the rocks are not & favourite
building material, except. some light-coloured varieties, ¢.g. the
buff trachytes of Malad, near Bombay. The large kernels of
chalcedony often yield beautiful agates, carnelians, ete., worked
into varions omamental articles by the Inpidaries, for which there
was onoe & large market at Cambay. These are obtained from &
Tertiary conglomerate, in which pebbles of chalcedony, derived
from the weathering of the traps, were sealed up. The sands of
some of the rivers and some parts of the sea-coast are magnetitic,
and when sufficiently concentrated (as on some sea-henches) s

' Ree. G.8.0. vol. Ixxii. pt. 2, 1937,
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amelted for ieom,  Conditions of underground water storage and
supply in the Decoan T'mp wreas are of intorest, The vesioular
parts of the bedded lavas make good aquifers and yield fair
supplies of underground water. These together with the numer-
ous joints and fissurea are the only means of water storage in this
otherwise impervious and massive formation, containing but few
stratification-planes or porous layers. The soil produced by the
decomposition of the basalts is n rich sgricaltural soil, being &
highly argillaceous dark loam, containing caleinm and magnesinm
carbonates, potash, phosphates, ete. Much of the well-known
“ potton-goil ', known as the " black-soil *', or regur, is due to the
subaerial weathering of the basalts in situ and » subsequent ad-
mixture of the weathered products with iron and organie matter.
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CHAPTER XVII
THE TERTIARY SYSTEMS
INTRODUCTORY

General—In Europe the upper limit of the Cretaceous is marked
by an ubrupt Aiatus between it snd the overlying Eocene group of
deposits. A sudden and striking change of fauna takes place in
the Iatter system of deposits, whole families and orders of animals
die out, and new and more advanced types of creatures make their
appearance. Tho cluss of reptiles, the pre-eminent vertebrates of
the Cretaceons petiod, undergo a serious decline by the widespread
extinotion of many of the orders of the class, and mammals begin
to take precedence. The earliest mammals are of a gimple or:
generalised type of orgauisation, but they soon increase in com-
plexity, and are differentinted into a Inrge number of genera,
families and orders.  Among the invertehrata the cophalopod clnss
suffers widespread extinetion of its species with the advent of the.
new era; the smmonites and belemnites nre swept away altogether.
They are now merely items of geological history, like the trilo-
hites of the Palagozoic era.  The place of the cephalopods is taken
by the gastropods, which enter on the period of their maximum
development.

In Indin these changes in the history of life are as well marked
as in the other parts of the world, although there is not any sharply
marked stratigraphical break perceptible as in Europe,

Physical changes—The Tertinry era is the most important in the
physieal history of the whole Indian region, the Himalayas as well
as the Peninsula. It was during these ages that the most impork-
ant surface-features of the ares were acquired, and the present
configuration of the country was outlined. With the middle of
the Eocene, an ern of earth-movements set in which materially
altered the old geography of the Indisn region. Two great events
of geodynamics stand out prominently in these readjustments:

304
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ot bl finil breaking up of the oll Gondwann eontinent by the
srhmorgence of lirge segments o ib undernsath Wis sea,! the other
the uplift of the Tethyan geosypelinal tract of sea deposite to the
north into the lofty ehain of the Himaleyas,

The prodigious outhurst of jgneous forees ot the very end of
the Cretaceous seems explicable when viewed in connection with
these powerful erust-movements and deformations, The close
assovintion of perjods of earth-movements with phenomena of
vuleanivity in the revords of the past leids support to the inference
that the late- and post-Cretaceons igneous sotivity wasin some way
antecedent to these earth-movements,

The transfer of such masses of magmatio matter, as wo haveseen
in the last chapters, from the inner to the outer zone of the carth’a
sphere could not but be accompanied by marked effeots on the
surface, chivfly of the nature of subsidence of crust-hlocks ancd,
secondly, wrinlles and fulds of the superficial orust, and vice versa
the dislocstions and deep corrugations of the surface which
marked the early part of the Tertiary mist have produced material
effects on the deeper zone, The exact nature of this interaction
between the exterior and interior of the earth is not undemstood,
but there is no doubt regarding the collateral and consequentinl
nature of the two phenomenn of eruptivity and earth-movements.

The elevation of the Himalayas—The pilo of marine sediments,
that was aceumulating on the border of the Himalayas and in
Tibet since the Permian period, began to be upheaved by a slow
seoular rise of the ocean-bottom, From Mid-Eoceno to the end
of the Tertinry this upheaval continved, in several intermittent
phases, each separated by long periods of time, till an the site of
the Mesozoic sea was rearod the greatest and loftiest chain of
mountsins of the earth. The last signs of the Tethys, after its
evacuntion of the Tibetan area, remained in the form of » few
straggling basing, One of these basing ocoupied a large tract in
Ladakh north of the Zsnskur range, and another ocourred in the
Hundes provines of Kumaon; on their oors were lnid down the
charnotoristio deposits of the uge, including among them the Num-
mulitio limestons—that indubitable and unfailing landmark of
Tertiary geological history. These sedimentiry basins are of high
b Ik s probabile thas the d of Gundwansland wiis 1ol & singls sveo
' ' to wrpatte was Australls sod the
T e o L e e
e i assasy, whioh hrought into wreteron this Arabiai Ses.

u
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valur, therefore, in fixing the date of sommencement of the uplift
of the Himaluyss in the time-scalo of geology.

Three phases of upheaval of the Himalayas—There appear to
have been thres important phases of the upheaval of this mountain
_ . 'The first of these was post-Nummulitic, i.e. towards the
end of the Eocene, sulminating in the Oligocene; this ridged up
the central axis of ancient sedimentary and erystalline rocks. It
was apparently followed by a movement of greater intensity about
the middle of the Miocene. The most important phase elevated
the central part of the range together with the outlying zone of
Siwalik deposits into the vust range of mountains which have since
been reduced by denudation to form the present Himalsyas.
This last stage was mainly of post-Pliccene age, Iater than the
deposition of the gmterpm-tatﬂwﬂiwﬂikm and did not ceass
till after the middle of the Pleistocene.! There is some proof that
the elevatory movement has not entirely disappeared even within
recent times.

After the final breaking up of Gondwanaland, the most pro-
minent feature of the earth’s Mesozoic geography, the Peninsula
of Indin acquired its present restricted form. Incidental to this
change, a profound redistribution of land and sea must have taken
place in the southern hemisphere, Few goographical changes of
any magnitude have vecurred since these events, and the triangu-
lar outline of South India acquired then has not been altered to
any material extent.

Distribution of the Tertiary systems in India—Tertiary rocks,
from the Eocene upwards to the Pliocene, cover very large aread
of Indin, but in & most unequal proportion in the Peninsula and
the extra-Peninsuls. In the Peninsula o few insignificant out-
cropa of small lateral as well ns vertical extent are exposed in the
vicinity of the coast of Travancore, Malabar, Gujarat and Kathia-
war. A somewhat larger area is covered on the east coust by these
rocks, where n belt of marine coastal deposits of variable horizon,
from Eocens to Miocens and Pliocens, is developed ; within this
is the Cuddalore sandstore. A third and more connected sequence
of Tertinry deposits is in Cutoh, where & band of these rocks over-
lies the south border of the Deccan Trap.

+ In tho Porwer 500 frnt of Up. Biwalik booldor conglomoratos
o P e kit Wik, P sl
ﬂhﬂﬁmw:mmhmﬂblrgnimd%m-m fhﬂ'l;um
dppesits of Kaahmir show a vonsiderable smount of ulting.
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Tertiary systems of the extra-Peninsula—The Tertiary rocks of
the extra-Peningula are much more important, and ocoupy an
enormous superfiial extent of the country. They are most
prominently displayed in a belt running along the foot of the
mountainous country on the western, northern, and eastern bar-
ders of the country. The Tertiary rocks are essentially connected
with these mountain-ranges, and enter largely into their archi-
tooture. The geological map of India depicts an unbroken band
of Tertiary development running from the southernmost limit of
Sind and Baluchistan along the whole of the west frontier of
India, through the trans-Indus ranges, to the north-west Hima-
layns, where it attains its greatest width; from there the Tertiary
band continues eastward, though with » diminished breadth of
outerop, fsnking the foot of the Punjub, Kumson, Nepal and
Assam Himalayus, up to their terminstion at the gorge of the
Brahmaputra. Thence the outerop continues southward with an
acute bend of the strike. It is here that the Tertiary system
nttains its greatest and widest superficial extent, expanding over
castern Assam and Upper snd Lower Burma to the extreme south
of Burma.

Dual facies of Tertiary deposits—In all these areas the Tertinry
system oxhibits s double facies of deposits—a lower marine facies
and an upper fresh-water or subserial, The exact horizon where
the change from marine conditions to fresh-water takes place
cannot be located with certainty at all parts, but from Sind to
Burma everywhere the Eocene is maring and the Pliocens fluvia-
tile or even subserial. The seas in which the early Tertiary strata
were Inid down wers gradually driven back by an uprise of their
hottoms, and retroated southwards from the two extremities of the
extra-Peninsnla, one towards the Bay of Bengnl and the other
towards Sind and the Rann of Cuteh, giving place, in their slow
regression, to gulf, estuarine and then to fluviatile conditions;

Thers were, howeover, two periods at which important changes
took place throughont the greater part of the area of Tertiary
deposition. The first was at the end of the Oligocene, when thore
was a temporsry but widespread retreat of the son, so that nowhere
in the Tertinry ontcrops that have been studied in detail has there
been found an unbroken succession from the Oligocens to the
Miocene. The broak is greatest in the northern part of Western
Pakistan, whare the Oligocens is completely absent, and in north-
eastern Assam where some of the Oligocens and much of the Lower
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Mioocene are missing. The second important break, marked by
loeal folding movements in Assam and Burma, ocourred lnte in the
Miocene, before the deposition of the Pontian.  During this hronk
soveral thousands of feet of Miocens deposits were removed from
the uplifted areas.

The backbane of Tertiary Indin—its main water shed —was the
Vindhyan mountsins and the Kaimur ridge, continued north-east
by the Hazaribagh-Rajmahal hills and the Assam ranges. This
divide separated the northerly drainage, flowing into the remnant
of the Tethys (left after the first, mid-Eocene uplift of the Hima.
layns), from the southwunl-fowing drainage into the Indian Ocean.
There were then two prineipal gulfs: the Sind gulf extending
through Cutch, Western Rajputans, Punjab, Simia and Nepal;
and the Eastern gulf, subdivided into two by the vidge of the
Arakan Yoma into the Assam gulf and the Burma gulf. The
Gangetic plains then were o festureless expanse of rocky country
sloping northwards from the central highlands towards the narrow
pastward extension of the Sind gulf.

The whole Tertiary history of Indis is exhaustively recorded in
the deposits filling up these two gulfs.  As the seas dwindled anil
receded, they were replaced by the hroad estuaries of the rivers
snoceeding them, {.e. the Indus in Sind, the Ganges-Brahmaputen
svstem in the ease of the Assam gulf (p, 55), and the Trrawaddy
in Burma; their earlier marine deposita were suoceeded, as the
besils of the gulfs were pushed outwards, by the growing estuarine
and deltaic sediments of the rivers superseding them,

In the present chapter we shall take a briof genoral roview of the
Tertiary sequence in India as a whole, leaving the more detailed
notice of these systems to the three following chapters.

TERTIARY SYSTEMS OF PENINSULAR INDIA
In the Peninsuls the following occurrences of the Tertinry strata
nre observed:
Gujarat

Tertiaries of Surat and Broach—Two small exposures of Eocent
rocks, also underlying the laterite cap, ure seen ns inliers in the
alluvial country between Surat and Broach.! The component
roeks are thick beds of ferruginous elay, with gravel beds, sand-
stones and limestones, from 500 to 1000 foet in thickness, resting
with a distinet unconformity on the underlying traps, These beds

' W. T. Blanford, Mem. G.5.1. vol. vi. pb. 3, 1560,
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are well expowsd sl Bodbaom, near Sural, on thie Taptiy antd extend
for 30 miles.  The gravels ure wholly composed of rolled basalt-
pebbles and some agates derived from the disintegration of the
traps. Limestone strats are found in the lower part of the
exposure, ael are full of foraminifers, belonging to seyeril species
of the genus Nammuliles, and alsa Oglrea, Tilin, Natica, ele.,
from the evidenee of which fhe lowest purt of the Gujarat Terti-
aries ig correlited with the Kirthar sevies of Sind.  The highost
heds, which oontain the fornminifer Pellatispira, are, necording to
5. B. Norayans Baot and ¥, E. Eames, oquivalent to the uppoer-
most Eocene, and thus higher than the Kirthar bods of Sind.  The
name Tapli series has boen suggested.  Above these bods comes
o great thickness, 4000-5000 feet, of conglomeratic gravel bods and
alayey and ferruginons sandstones well exposed at Ratanpur, near
Broach. The gravel and shingle beds contain many waterworn
pebbles of chaleedony. The latter pebbles nre extracted, by
means of pits dug into the conglomerate, for working them for
agates. The age of the upper group is estimated as equivalent to
the Gij series of Sind,

This great thicknesa of “Agate conglomerate ", overlying the
Nummulities of Surat and Broach, ia well exposed in sectiona om
the banks of the Tapti near Tarkeshwar; the prevailing lossil is
Lepidocyeling, chnracteristio of the Nari and Gaj sories of the Sind
Migocene-Lower Miocene,

Extensive areas of northern Gujarat nre covered under o rich
post-Tertinry alluvinm or black soil, It is probable that the
wHlivial country from Sirat to Ahmadabad is mainly of estuarine
und partly of marine origin, filling up  broad arm of the sea which
conneoted the Gulf of Cambay with the Rann of Cateh—an inland
sen in early Pleistocene times (p. 307), Between the Knthin:.rnr
peninsuls and Ahmadabad there is n long depressed traot containing
a large shallow brackish-water lake (Val), which confirms the
probability of this tract being un old marine inlet,

Kathiawar

Perim Island Tertiary—At the extreme cast and west points of
the Kathinwar peninsuls, Tertinry strata mnging from Oligocetie
to Pliocene age am found overlying the traps, The western out-
mpis_-knﬂwnuthaﬂwﬁnbda.:mlwmhuufmmmm
clays overlain by sandy limestone containing many foraminifers.

¥ Junrn, Mysore TTnie wol. i, pb. 2, 1941,
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The other tesnrrones is near Bhasnagar, a detached outlier of
which crops out in the Gulf of Cambay as the island of Perim,
The Porim island was s famous locality for the collection of Ter-
tisry mammulian fossils, and has yiolded in past years many per-
foct fossil specimens of several varieties of extinet quadrupeds.
The rock is a hard ssiferots conglomerate, endlosing many skulls,
limb-bones, juws, teeth, ete. of mammals like goats (Capra), pigs
(Sus), Dinotherivm, Rhinoceros, Mastodon, cto., of Middle and
even Upper Turtinry affinities (Miocene to Pliocene). Many of
these relice were found among the beach-shingles produced by
wuve-action on the conglomerate consts,

Nummulitio and later strats of Eocene-Miocene age (Nummu-
litic to Gaj horizot) probably exist on both =ides of the Goulf of
Cambay, buried under post-Tertiary alluvia; this fact is presumed
from the existencs of sporadic reservoirs of natural hydrocarbon
gas underground in parts round Baroda and the east coast of
Kathiawnr.! The fact that the chief petroliferous horizons of the
Punjab, Assam and Burms sre restricted to rocks of this system
{Eo-Miocene) lends colour to the supposition that the Gulf of
Cambay was a subsidiary branch of the Sind gulf, and locally
afforded conditions suitable for the deposition of vil-forming
material. Undemeath the Gulf of Cambay, it is possible that
suitable structure or disposition of snficlinal or dome folds may
exist favouring the storage of oil in commercial quantity.

[With the exceptions of the rether large Jurassic inlier around Dhran-
gadhrn, o fow small Cretaceous outerops near Wadhwan, and the
Tertinry development described above, by far the jnrgest surface-
extent of the Knthiswar peninsula is oooupied by the basaltic traps.
It is only in the peripheral parta of the province, in the immuediate
vivinity of the coast, that rocks of different composition are met with,
composed of marine constal acoumulations of later ages.  Of these the
deposits known s the Porbander sandstones (Miliolite) are the most
impartant, snd will be described later.]

Cutch

Tertiaries of Cutch—The Tertiary area of Cutch is on a larger
acale than those last described. It is seen bordering the Trap and
the Jurassic area of Cutch proper, in two long bands parallel with
the coast. The older, immer, band abuts upon the traps directly,
while the outer, newer, band runs parallel with the latter, but
sppronches the traps by overlapping successively the different

i P K. Ghosll, Ree, G.8.1. vol. laix. phe &, 1030,
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members of the older 'ertiaries. To the east it encroaches still
further north, and comes to rest unconformably on the Jurnssic
beds by overlapping the traps in turn.)

The bottom beds are argillacsous, sith bituminous gypseous and
pyritous shales, which by their constitution recall the Laki series
of the much more perfectly studisd Tertinry sequence of Sind,
They are sucoeeded by about 700 feet of impure, sandy limestones
with Nummulites, Alecoling, corals, echinoderms, ete,, represant-
ing the massive Nummnlitic limestope of the Kirthar horizon.
Above these comes a thick succession of clays, marls, and caleareous
ghales, crowded with fossils of molluscs, corals and echinoderms,
e.g. Turritella, Venus, Corbula, Breynia, ete, This part of the
sequence corresponds to the Gaj (Miocene) horizon of Sind. Tt is
succeeded by u large development of Upper Tertinry strata repre-
wenting the Manchar series of Sind and the Siwalik of the Hima-
lnyns. The greater part of the latter formation, however, Is con-
cealed under recent alluvium, blown sand, ete.

The necompanying table gives n general idea of the Tertiary
system of Cuteh, correlated with the European Tertiary:

Revent alluvinm: blown awnd, ste. Recent mned
[Mnoonformity Plpistocene.
Ferruginous conglomorates, mndslmm} . | Pliveesie.
and clays (Manchar of Sind), %0
Richly fossilifirous shnles, eluys, ”"1}121'.!) % | Taower Miosens.

mitls with sandstone beds (Gl series).

IE ;mn it}ruﬂﬁ limestons [ Kirthar | Uppor and Micdle
pure Nummulitic :
Series). } 700 . Eocone.

Bituminons, gypseous and pyritous fi. | Middle Boctins.
shnles, eto. (Laki series). } _:EIIJ

Uneonformity ——— e
Bisalts of the Decean Trap.
Rajputana

Roeks of the Tertisry (Eooene) system ocour in connection with
the Jurassic and Cretacsous inliers of Bikaner, Jodhpur and Jai-
salmer in the desert tract of Rajputans, west of the Aravallis,
The characteristio Nummulitio limestone ix readily recognised in
them by means of its foraminifers and other fossils.  The nunmn-

+ Wymno's Map of Crtah, Mem, G810, vol. iy, phe 1, 1572 alwo Gealogioul Map
of Truliin (1925), senbo 1 ju, =52 milos,
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litie strata are underlain by a group of shaly beds, the shales en-
olosing some seams of hituminous coil and lignite. Giypsum in
considerable amonnts is interbedded, and the series suggesis the
Lali facies of the Sind Tertiary, Some beds of yellow nnd hrown
earthy shale belonging to this series are quarried for the use of
the materinl as fuller’s parth, while the lignite and gypsum are
eapable of further sconomic development. The Palana conl-field
of the Bikaner State, situated on an outerop of this series, pro-
duces at present less than 50,000 tons of brown coal per year. The
Rajputana Tertiaries were laid down in o northward extension of
the Cutoh Eocene ses, which was probably a branch of the main

Sind Galf.
The Coromandel Coast

Cuddalore series—A firly widely developed series of Tertiary
fossiliferous Tocks is found along the east coast, underlying the
post-Tertiary or Quaternary formations and overlying the various
Mesozoic eonstal deposits. These formations range front Eoceno
to Pliocene. A fossiliferous Lower Eovene limestane occurs near
Pondicherry and near-by borings have found Middls Eocene sinds.
A rich collection of fossils, belioved to have come from o boring st
Karikal, has been thought to e of Lower Miocens age, but may be
younger. The principal formation is named the Cuddalore series,
from the town of that name. Outerops of the Cuddalare series
commence s far north as Orisss and Midnapur, from whenee they
extend in n number of more or less disconnected inliers through
Karikal, hidden under the allavinm of the Cauvery, snd the whole
length of the coast to the extremity of the Peninsuls, A rolnted
formation, but of somewhat older age, is also mot with an the west
coast, extending through Travancore, fringing the const as far
north as Ratnagiri.  Thronghout this extent the deposits are of
irregular distribution snd of variable composition. A varioualy
coloured and mottled, loose-textured sandstone is the principal
component of the Cuddalore series; 1t is often ferruginous, argil-
laceous and gritty, It rests everywhere unconformably on the
older deposits of various ages, in one instanco overlying the
Arivalur stage of the Trichinopoly Cretaceous. At some places It
is covered by a luterite cap, ab others by later alluvium. Soue
sandstones attributed to the Cuddalores abound in fossily, mainly
gastropods, e.g. Tercbra, Conus, Cancellaria, Olim, Mitra, Fusus,
Burcinum, Nassa, Murex, Triton, ote. Ostrea nnd Foraminifers
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of several species are also present. A great part of the Cuddalore
sandstones is believed to be of Pliocene age, but some parte of it
may be of olider hortzons. :

Important deposita of lignite have been found of late, inter-
bedded with the Cuddalores of 8, Arcot and l.’undiuﬁnrry T SeAImH
20-30 feot thick. The lignite is of good quality snd usable as fuel.
The Baripada bods of Mayurbhanj, marine fossiliferous limestones,
over 130 ft. thick, are of the same or slightly older age, hidden
under the laterite cap and have been only known from well-borings.
It is probable that similar marine Miocene-Pliocens sodiments form
extensive beds, complately hidden onder Iater coastal alluviom
or laterite, along the whole coast line,

Malabar Coast

A series of small outerops of Upper Tertinry strata sre found
along the Quilon eoast of Travancore and Cochin beneath the
superficial cover of laterite (Quilon and Warkalli beds). A fow
bright-coloured sande sand clays, enclosing bands of lignite with
lnmps of fossil resin (amber), and pyritoss clays ocour over the
limestones, The limestone straty are full of fossil molluses, corals
and foraminifers. The most abundant are gastropods, e.g, Conns,
Stromhus, Voluta, Cerithinvm, Natica, Rimella, Murex, Terebra,
Turritella, ete. A species of fornminifer, Orbitolites, is also present
in the limestone. The fauna of the Quilon beds indicates approxi-
mately an Upper (3aj horizon (Middle Miocene}, On the whole,
the Malabar coast "Tertiaries denote an older stratigraphic horizon
than the Cuddalore and Karikal bads of the east coast, described
above, which are regarded as of Upper Miocene to Pliocens age.

A very similarly constituted onterop of Tertiary rocks is seen
further north at Ratnagiri, on the Malubar coast, underneath the

futerita.

Ceylon
The large outerop of horigontally bodded richly ﬁnﬂﬂ_ﬁmn;
limestone seen along the coastal strip of N-W Ceylon—the Juffna
beds—is probably s south-east extension of the same formation.
The Jaffna limestone is several hundred feet thick and on palason-

tologienl evidence is considored to be Middle to Upper Miocone,
homotaxial with the Travanoors beds (the species Orbiowling mala-
bariea is common to both), but older than the Karikal beds.
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TERTIARY SYSTEMS OF EXTRA-PENINSULAR INDIA

The Tertinry development of the gxtra-Peninguls is far more
extonsive, and in it all the stages of the European Cainozoie from
Eocene to Plivcene are developed on » scale of great magnitude,
It has sgain been more closely studied, and its stratigraphy as well
as palseontology form the subject of several voluminous memoirs
published by the Geological Survey of Indin, The palasontd-
logical evidence available enables us to make a correlation of the
different exposures with one another in the immense region which
thoy cover, and also to determine approximately the correspon-
dence of the Indisn divisions with the stages of the standard

Tertinry scale.
Until very much more work has been done on the Tertiary

palsecntology of India it is hardly possible to put forward » eam-
pletely satisfactory classifieation, and no scheme has vet been
devised to which all Indisn palacontologists ngree. The classifi-
cations here adopted are from the writings of Vredenburg, Pil-
grim, and more reeent authore as best suited to the purposes of
the student.

The following are the principal localities where the system in
well developed: Sind, the Salt-Range and Potwar, the outer
Himulayas, Assam, and Burma.

Sind
The great series of Tertiary deposite of Sind are typieally ox-
posed in the hill-ranges, Kirthar, Laki, Bugti, Sulniman, etc.
which separate Sind from Baluchistan. The Tertiary sequence of
Sind is, by reason of its exceptional development, taken as a type
for the rest of India for systemstie purposes. The following
table gives an idea of the chief elements of the sequence:

Lower and upper beds,groy sand- | Lower Pleistocens
stones  with conglomerntes; | or
Manchar Series middle part, brown and orange | Upper Pliocene
{10,000 §1.) shales and clays, unfossili- | to
forous, Middle Miocone.
Lower Manchar
containing teeth of Mastodon,
| Dhnotheriem, Rhinoceros,
Gaj Series Marine yellow limestones and | Lower Miocane

(1000 ft. ) nhales, fossiliferous. ( Burdigallan).
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U pper Nard, thiok sandetones, on. | Lower Minoone

| fomailiferousnnd partly of fhuvi- {Arquitaninn).
| ntils origin, Ineliles the Bugti
Nari Series | beds of Baluchistan, fresh.
{000 11 | water, with manomalion fossils:
Unoonformity
i FLower Nard, fossiliferons marine | Oligocens
limestone, (Blanpian).
Kirthar Series J Massive nummulbitie limestones | Upper nnd
(RILLERULT forming all the hiighor raoges | Mididle Eoeene.
ft.) ’ in Sind, richly fossiliferoms:
Al - " Argillnceous and calonreousshales | Middle Eooene
mhﬁ .4 | with conl-measures, Alvwaline (Luntetian),
( 1| limestones, Thickness varying.
Unsonformity Lower Eocone
" Uppor, fossilifarous beown lme- | [Thanetian),
2 4 stono and shales,
RARIRGY See il Lower, variegated shales and
(2000:fe.} sandstones, gypsoous and our.
honaceous, fuvintile,

Cardita beaumonbi beds. | Dmnian,

Salt-Range and Potwar

The north-western part of the Punjab contains, in the Salt-
Range and the plateau country to the north, a very important
development of Tertinry rocks, and one whioh has received much
attention. The uppermost searp of the Salt-Range is a prominent
oliff of limestone which has generally been termed the nummulitic
limestone. This has developed along the whole length of the
range from the eastern spurs near Jhelum almost to the Indus
near Kalabagh. Although at the eastern end of the Salt-Range
the limestone lies wholly within the Laki stage, towards the
western end of the range a lower limestone of Ranikot age develops
and reaches a considerable thickness. Above the Laki series there
is & pronounced unconformity, the whole of the Oligocens being
ahsent. The limestones and sssociated marls are n\'m:ilin by
Upper Tertiary rocks, the unconformity heing clearly visible in
sections at the head of the Nilawaban. In the eastern part of the
range the lowest beds above the unconformity belong to the
Murree series, but further west the overlying Kamlial stage rests
upon the Eocene. Above the Kamlials, there is developed a com-
plete sequence of the Siwalik system; this is seen not only in the
Salt-Range itself, but also in the lnrge platean to the north known
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s the Patwar:  This compreliensive dovelopment of the Siwalik

system constitutes the type agea for Tndin.

The abundance and

wide: distribution of its mammalian fauns have onabled a very

careful and detailed zoning to

he sstablishod by Dr. Pilgrim, and

this affords a basis for the correlation of the Siwalik deposits of

the various different areas in Tndin.
The succession in the

[ Boudder erale =oWé: oons
Upper Siwalik glomerntes, sanda and clays.
(600 ft.) o Pinjor one < pebbly eandstones

Tatrot zone: sandstones and con-

| glomerates :
¢ Dhok Pathan sone: light A
g ey 20

white sandstones and

Middle Siwalik | oured shales, containing s rich
{0000 ft.) Pontinn (Pikermi) fannn.

Nagri zone: grey sandstones and
o and pale-colonred shales.

Chingi stage: hright red nodulise
shales and elayn with grey woft

Lower Biwalik sandstones und prendo-couglo-
(G000 fi.) morates. :

Kamlial stage : hard dark-coloured
sandstopes, vod shales, and
peeudo-conglomeritis.

Murres Series [ Light-coloured and purple sand-
(up to A0 stones,  psewido-conglomenates,
ft.) red and purplo shales.
Unoonlormits

" Bhairar beds: marld amd lime-
stones. Sakesr [imesons ;. mus-

Laki Beries sive limestone forming the sam-

00 1v.) mit of the Salt-Rangs scarp.
Nurimal limestone-shole ; beddoed
. limestone, murls, and thin shales.
l}’nm{u’mﬂrw
- Patals lage : shale with thin Hme-
stonss and impersistent sand-

gtonn ; conl meam at the hase,
Ranikot Series | Ahairobud limestone ; hrown num-
{60-1000 ft.) muliticlimsstoneof vory varinhle
thickness with caleareous shals,
Dhak Pags beds ;. Shale with piso-

litio ferruginous bidaiat the base.?

1 T M Thavios and . 5. Finfold, Boomn Peds ol the
Pat. Ind. X8, zxiv. mom. 1, 1037

SHJI'FMJEF is ha follows:

TLowar Pleistooatfs:
=
Pliceene.

Uppor Miooens
(Pontisn) to
Middle Miocenn,

Middis Micoons
{Helvutban).

Laoveor Miceens
{ Burdignllon and
Aquitanian},

Middle Hocena
{ Luitetian ).

Lawer Eoconn
{ Landeninmn wod
Thunatian).

Mumjuhy Soly Range,
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The suceesaion in the Potwar differs somewhnt; the gap between
the Eocene and the Miocens i3 reduced both by the development
of the lower beds of the Kirthar serivs and by a great inorease in
the thickness of the Murree rocks. The succession here merges
into that of the Kashmir Himalayas and is given in the table on

p. 818

Himalayas

Tertiary rooks enter preponderatingly into the composition of
the outer, lower, ranges of the Himalayas, i.c. the ranges lying
outside (south of) the central zone of crystalline and metamor-
phosed sedimentary rocks, In fact, the whole of the outer strati-
graphio zone, which is known as the sub-Himalnyan zons,!
almost exclusively constituted of Lower and Upper Tertinry rocks.
With the excoptions noted below, Tertiary rocks are ahsent from
the ranges to the north of the sub-Himalayas. Tn the Kashmir
and Simla Himalayas, where these rocks have been studied, they
are disposed in two broad belts, an outer belt and an inoer, formed
respectively of the Upper Tertiary and the Lower Tartinry.
These strata in all likelihood continue eastwards with much the
same disposition, but greatly reduced in width of outorop, slong
the Kumaon, Sikkim and still more eastern Himalayns, forming
the outermost foothills of the mountains, separating thom from
the plains of Uttar Pradesh, Bengal, and northern Assam.

At this place must be mentioned the rather excoptional circum:
stance of the ocourrence of Lower Tertiary strata in localities
north of the central erystalling axis of the Himulayas, Two or
three such have been obsecved, e.9. North Kashmir (Ladakh) pnd
the Hundes province of Kumaon, O these the Ladakh exposure
is the best known. In the upper Indus valley in Ladakh, to the
north of the Zanskar range, there i & narrow elongated outlier
composed of marine sedimentary strata, with nummulites and
other fossils nssociated with peridotite intrusions and contempor-
ansously erupted lava-flows, ash-beds and agglomerates. The
sedimentary part of this outlier resembles. in some measure the
Subathus of the outer Himalayas. This outerop i= described
below somewhat more fully, No marine strata of younger age
than these have been discovered in any part of the Northern

Himnlayas.
Chapter |—Tho Geslogieal Clusitioation’ of the Himalayss, pp. U, 10.
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The succession i given in the following table :

W. Punjab and EKashmir
Himalayas and northern

part of the Potwar.
Upper Siwalik: Boulder-)

ﬂmmtu. cluys,
and grit, G000 fr.
Middls Siwalik: Massive
sandstone with
or ghalis, GOOO
Lower Siwalik :
Chingi: bright red nodu-
lar shales with fewer
y sandstoues, 3000 ft.
wmiial:  hard brown

Upper Murres:
soft, pale aod conrse
grained, with  parple
ugliniar_v nod | nod
#hales, S000 fi

Lower Murree: Indurared
dark sandstenes, deep
red and purple-coloured
splintery shales, 5000 ft.;

Siwallk System, 15,000 ft.

Murres Saries, 000 ft.

Kumaon and Simia Him-
alayas.

-Upper Biwalik : Soft earths,
clays snd boulder—con-
gammtu, BO00-10,000

Middle Siwalik ; Mossive
sand-rock, elays anmd
shnles, fossiliforous at the
base, 4000 (7) ft.

Lowar Siwalik: (Nuhan):
Grey micaeous sand-
slones and red shales,
penerally unfossiliferous,

L SO00-4000 [,

(EKasauli: Lacustrine, coarss,
soft, grey or green-col-
oured sandstones.

Dagshai :  Brackish-water
or lagoon, bright red and

ot tho buse the Fatohj podular dlays ovar-
zome of mihmum | m fine sandstones.
stones and conglomer-
ates (Upper Nanij. |
Uneonformity, - et e
Chharat : ﬁﬂmmﬂii':: shals,)
varlegnted aba
seous marls and thin-| & [Substhu: Grey and red
bedded Jimestone, 500 ra with sub-
800 ft. (Kirthar). _? ordinate lonticalsr num-
Hill Limestons: Massive| ¢ | mulitic limestone with
well-badded  pummmulitic jsalitie limonite (later-
limestone, somn shale and ite 1) at bass.
thin coal 200-1600 .
{Ranikot to Laki).
Eashmir

Pleistocenn
to Lower
Pliocens,

U to

iddle

Middle

The Tertiariea of Kashmir eall for notice because of u few

local peculinrities which they exhibit. The Tertiary

band at the

Jhelum stretches eastwards through the Kashmir area, preserving
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all ite geologioal charcters and relations unchanged, to the Bavi
and thence to the Sutlej, where it merges into the much better
explored country of the Simla Himalayas. Structurally, however,
one feature of distinotion emerges, and that is the gradual dis-
appearance of the Main Boundary Fault as & limit of deposition
between the Murrees and successive Siwalik zones to the west
of the Chenab: the more northerly fault-plane junctions, how-
ever, betwoen the older Tertinries and the still older Himalayan
rocks vet preserve their boundary nature. This truct of hilly
eountry of low elevation, lying outside the Pir Panjal, and between
the Jhelum and Ravi, is designated the Jammu hills. The Tertiary
outcrop is widest where it is crossed by the Jhelum, but is
much constricted at its eastern boundary at the Ravi,! though
the broad features of structure as well as of lithology are readily
perceived in the Dalkousie foot-hills.

Tartiaries of the Inner Himalayas—the Indus Valley Tertiaries—
A most noteworthy event, already brietly hinted at, in the Tertiary
geology of Kashmir was the ocoupation of an area in Ladakh by
the waters of the retreating Tethys. This sen has left a basin of
Lower Tertiary deposits in o long, narrow truct in the Upper
Indus valley from Rupshu to Kargil and Dras.  The existence of
marine Tertiary sediments to the north of the Himalayan axis
must be regarded as a very exceptional cirgumstance, for except
the Nummulitics of Ladakh and Hundes and some outliers of the
Eoceno (Kampa) system of south-eastorn Tibet, from Hazara to
the furthest eastern extremity of the Himalayas sedimentary
rocks younger in age than Cretaceous are not met with.

The Tertiaries of Ladakh rest unconformably over gneissic and

hic rocks. The base is of cosrse felspathic grits and
conglomerntes, followed by brown caleareous and green and purple
shales. The shales are overlain by a thick band of blue shelly
limestone, cantaining ill-preserved Nummulites. This nummuli-
ferous limestone is succoeded by a coarse limestone-conglomerite.
On either extremity of this sedimentary basin there is & large
duﬂlqpmmtnfigummmhufmidm.wnﬂuuhumdym
composition. They include both contemporaneonsly erupted dark

busalts, with ash and tuff-beds, as well as dykes and ailly of intru-

sive granite and quartz- and augite-porphyries together with peri-

dotites and gabbroa, In the north-west prolongation of the Kargil

-hnﬂﬂﬂmtvdnﬂu,hﬂmthﬂmihldﬂmmﬂmnf
| Ree. @.8.1, vol. ix. pt, 2, 1876,
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tuffs, voleanio ash-beds, lnvas and augite-porphyries, with lime-
stones containing Alecaling, Diclyoconoides, Nisnlites and
gastropods.

The sedimentary part of this group has preserved a fow fossils,
besides the Nummudites noticed above, but owing to the great deal
of folding and fracturing which they have undergone the fossils
are mostly deformed and erushed beyond rooognition.  The foi-
lowing genern are identified, with more or Jess certainty: Unio and
Milania in the Jower part (which bear witness to estuarine con-
ditions), and Hamites, Hippuriles, (onug, ele, which show that
besides the Lower Tertinries there are Cretaceous beds present.

The Tertiaries of the Jammu hills—The systems of strata oon-
stituting the Tertiary zone of the Jammu hills are disposed in
three or four parallel belta conforming to the strike of the hills:
the oldest of these abut on the Pir Panjal, and constitute its south-
west flank ridges, while the newer anes oceupy successively outer
positions building the low ranges of the Murree-Siwalik foot-hills.
Where the Chenab leaves the mountains at Akhnur, there is n deep
inflection of the strike of the hill ranges; the ssme feature is re-
peated, but on i far larger soale, it Muzaffarabad, at the emergence
of the Jhoelum. At this point the strike of the whole outer as well
as inner Himalaynn system undergoes & more profound bending
inwards. The re-entrant bay thus produced is an nente-angled
(10°) trinngle with its apex thrust forward nearly « hundred milis
from the base-line. The significance of this feature is dealt with
o p. 421, where it is explained as probably due to some
obstruction which has deflected the main axes of the fold-systems
and converged them in o knot (Syntaxis).

The table on p, 818 shows the relations of the Tertiaries of
the Jammu hills to the corresponding mcks of the Kumaon and
Simla Himalayas.

Assam

Tn Assam the Tertiary deposits reach a vory great thickness,
probably exceeding that of any other part of India; where fully
developed the sediments are more than 50,000 foet thick, Despite
this, there are several gaps in the sucoession, the most important
one being the sbsonce of the top part of the Oligocene. Owing to
the extremo paucity of fossils in the greater part of Assam, it ia
impassible to give very acourate correlations with other aress of
with the standard time-scale, but the following table summarises
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the resulta of investigations! by T Evans and colleagues, and
indieates an approximate correlation with the Tertiary of North-
weat Indin.  Fvans's survoy of Assam has lsid the foundation of
the stratigraphic classifioation of the Tertinries in that difficult and
inhospitable geological termin.

Alluvium.

Dihing Series,
S000 fr,

{ meonformity.

Dupi Tila
Beries,
HOO00 fr.

Unconformity.

Tipam Beries,
SO00 1,

Surma Series,
13,000 f.,

[ noonformaty.

Barail Series,
15,000 ft.

Jaintis Series,
3000 ft.

[ neonformily.

Rocont amd

Alluvium of the Bralhmapates and Surmn
Ploistaoens.

valleys, high-lovel allaviem, tiver-
termoss, graviels, efe.
(U pper Siwalik). Thick pebble-beds with
olaye nnd sunds,
e e e e e e e el e

(Middle Siwalik). Coarse forriginous | Upper
ganils, mottled sands and cliys, fossil | Micowno
wicel. {Pomtian).

e e e e e e

(Louwr Siowalik). Thick, coarse, ferrugin: i}.ﬂddkr
ous sandstones, mottled sandy clays, | Miosene,
shales, fossil wood and lignite. |

(Murree; Dpper Nori and (o). Sandy | Lower
shales and sundstones, conglomerates. | Miooene.

WW

Plipoane,

{Lower Nari). Sandstones, shales, and | Oligocens
snrhonaceous shules. to Upper
Eocmme.

{ Ranikot to Kirthar), Altemnating sand.
stones and shales with econly beds,
imeluding  the Sylhet limestone—the
Nummulditic limestone of-Assam : equi-
vislent to part of the Diseng Series.

WW

Cretuecous and older roclks,

Middle
Eoeene,

The above elassification refers mainly to the western part of
Assam, In the eastern portion of the provinee, thi succession
below the Oligocene-Miocens unconformity is:

Barail Series, (Lowsr Nari), Sandstones, shales, clays, Oligocene

15,000 fi.

with thick ooal seams in Upper Assam, | to Upper
Eooens.

' P, Evane, Tartiary Succestion in Assam, Trane, (eol. Min, Tnet. Ind. vol,
vid., 1995,
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Disang Series, (Huanikot ta Kirthar), Thick series of grey | Middli to
{yory thick), splintery shales with fino sandstones, | Lower
partly equivalent to the Jaintis series Feowene,

Base not seemn.

Burma

The Tertiary system of Burma is composed of rocks which differ
considerably in lithological characters from the standarnd sections
of Nurth-West India, but as fossils are abundant, an approximate
sorrolation is not difficult, although much remains to be doue in
the investigation of the details, As might be expected, the Bur-
ma gucoession shows more resemblance to the suocession in the
neighbouting province of Assam. The Eocene beds rench s great
thickness and, although foraminifers are found in some. beds, there
are no thick developments of nunimulitie limestone such as thoss
seen in Sind, Baluchistan, und-the Punjab, The middle part of
the succession, compased of Oligocene and Lower Miooene strats,
is distinguished as the Pegu syatem and is approximately correlated
with the Nari and Gaj series, It has recently been established
that a break ocears in the middle of the system, approximately
at the boundary between the Oligocene and Miocene, 5o that the
Pegu system really consists of two separate unifs. The upper-
mioat beds (known na the Trrmeaddy aystem) form u great thickness
of fluviatils strats corresponding hoth in lithological aspeocts sa
well a8 in organio characters to the upper parts of the Manchars
of Sind and of the Siwaliks of the Punjab and sub-Himalayss. In
centrmnl Burmae they lie with marked unconformity on the Pegus.

The Tertiary history of Burma is largely the history of the
filling up of a north and south geosynelinal bhasin, 600 miles long -
and 150 miles wide—the basin of the old gulf of Pegu lying botween:
the Arakan Yoma and the Shan Plateau—whicli was filled up by
the deltaio deposits of the Irswaddy gradunlly pushing south-
ward into the gulf and ultimately replacing it by the present valley
of the Irrswnddy. Hence n marine facies of deposits preponder-
ates townrds the south and characterizes all the stages till as late
as the Pliocene, while in the north the same stages show & ter-
restrial facies of deposits, it being & common feature of many of
the stages that when traced Iaterally from north to south they.
aliow & yariation from fluviatile to estuarine and brackish-water,
passing thence into marine further south, in which direction the
gulf-conditions persisted till the beginning of the Pliocene.
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Tlie following table is based on the work of Cotter wnd Vredeon-
burg, combined with thot of the Bormah Oil Company geologista
ns desoribod by G. W, Lopper.

Plateau: gravels and red enrih, Pluistoceie
Irrawaddy [Fresh-watoer sandstonss with abundant | Pliocons
Syatem, fossil wood, maminalisn fossils, to Uppes
5K . Miocone
Unconformity. e = - {Pantian).
[ Upper Pagu, Sn;ldm clays, and shales, with many ﬂﬂl: s
ek Miooms

{ Unconformity. '
lmr!qn.{ﬂninl sandstonés above, shnles in the | Oligneens,

Proo Bysrem.

LR dle, and shallow-water sandatones
L D0,000 fr. with coal-searns at the base; fossiliferong
[ Taw Stage, {Shn!y clays; marine, with Nusmmulites, 1

2000 {&,
Marine sandstones and clays passing up | Upper

Pondaung into fuviatile sandstones and deeply | Eocens.
Btagn, colonmed clays containing the earhsst
G600 ft mummaling {:uu; Anthracothorolds,
i Rhinoceratoids nnd Titanotheres.
E Tabyin Clay, [Green shales with thin coal-sesms.
= GO Tt
w 1 Tilin Sanfl- [Marine ssnds snd sndstones with Num- | Middls
atons, { mulites, Eocens,
g 4000 fr. J
Laungshe  [